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Nucleic Acid Sequences that Encode a Cell Growth 
Regulatory Protein and Uses Thereof 



5 

Field of the Invention 

The invention described herein relates generally to the field of human disease, 
and more specifically to treating and diagnosing disease based on nucleic acid 
sequences that encode a human Cell Growth Regulatory Protein(s) that regulates cell 
10 growth by Phosphorylation of cell cycle proteins. 

Background 

Oncogenic transformation of cells leads to a number of changes in cellular 
metabohsm, physiology, and morphology. One characteristic alteration of 
oncogenically transformed cells is a loss of responsiveness to constraints on cell 
i 5 proliferation and differentiation n(ormallv imposed by the appropriate expression ot eel! 
growth regulatory genes. While different types of genetic alterations may all lead to 
altered expression or function of cell-grow^th regulatory genes and to abnormal growth, 
it is generally believed that more than one event is required to lead to neoplastic 
transformation of a normal cell to a malignant one (Land et aL (1983) Nature 304: 596; 
20 Weinberg RA (1989) Cancer Res. 49: 3713). The precise molecular pathways and 

secondary changes leading to malignant transformation for most cell types are not 
clear. A number of cases have been reported m which altered expression or activity ot 
some proteins with putative cell-cvcle control functions and /or implicated in the 
formation of functional transcriptional complexes, such as p53 and RB. can lead to loss 
25 or prolireration control m cells (Ullrich et al. (1992) Biol. Chem. 2b7: 15259; HoIIstem e: 
al 1 l^yl ) Science 253: 49; 5ager K (1*^92'; C.uri. Opiri. Cell. Bio I. 4: 155; Lc\'irLC ct ?A [ ^ 
Nature 35 1 : 453). 

Regarding cell cycle aspects uf oncogenic transformation, several proteins 
involved in regulating the cell cycle have recently been identified and shown to be 
30 critical regulators of mitosis. Tl^e progression of a eukaryotic cell through the cell cvcle 
to mitosis involves a number nt what appear to be tightlv regulated mutuallv 
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antagonistic phosphatases and kinases. A kev kinase m this process is cdc2, which is 
thought to be responsible for initiating mitosis, 

Cdc2 is involved in a number of downstream mitotic events inckiding metaphase 
alignment of chromosomes, segregation of sister chromatids in anaphase, and cleavage 
5 furrow formation. A large number of proteins involved in these processes are 
phosphorylated by cdc2 including histones, lamms and microtubule-associated 
proteins. See, Nigg, Semin. Cell Biol. 2: 261-270 (1991). Particularly noteworthy is the 
phosphorylation of caldesmon, an actm-associated protein, which is thought to be 
necessary for the dissolution of M-phase specific actm cables. Well known changes in 

10 nuclear structure also involve cdc2. For instance chromatin condensation invol\'es cdc2 
phosphorylation of the histone HI. See, Langan et al. Molec. Cell. Biol. vol. 9: 3860- 
3S6S. The dissolution of the nuclear envelope is associated with cdc2 phosphorylation 
of lamin B. See, Peter, et al. Cell , vol. bl: 591-602(1990). Further, during mitosis the 
nucleolus disappears and this event is also associated with cdc2 activity. 

15 Considering the importance of cdc2 to critical cell cycle functions, and therefore 

to cell grow^th, one would expect that this enzyme is subject to several significant 
control mechanisms. Indeed two such mechanisms have been identified and include 
the phosphorylation of cdc2 at three sites; tyrosine 15, threonine 14 and threonme 161. 
Phosphorylation of threonine 161 and dephosphorylation of tyrosine 15 and threonine 

20 14 are necessary for kinase activity. The phosphorylation of tvTosine 15 and threonine 
14 is thus a negati\^ely regulator of cdc2 kinase activity. See, Mueller, P. R., et al. 
Science, vol. 270, pages 86-90 (1995). An enzyme termed cyclin-dependent kinase 
(CDK)-activating kinase (CAK) phosphorylates cdc2 on threonine 161. An enzyme 
termed VVeel kinase has been shown to phosphorvlate cdc2 at tyrosine 15 but not 

25 threonine 14. See, Mueller, P. R., et al. Mol. Biol. Cell vol. 6 page 119 (1995). Recently, a 
second enzyme has been identified from Xenopus that phosphorylates both ammo 
acids, and has been termed Mytl for its membrane association, and its capacity to 
phosphorylate both tyrosine 15 and threonme 14 on cdc2. Tliere is significant 
nucleotide homology between the VVeel and Xenopus Mvtl enzymes. 

30 It is wa^rth noting certain other proteins mx'olved m cdc2 action. In order for 

cdc2 to exhibit kinase activity, and thus phosphorvlate its mitotic substrates the 
phosphates at positions tyrosine 15 and threonine 14 must be removed. This is realized 
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by the phosphatase cdc25. Cdc25 is, m turn, activated by cdc2 phosphorylation. See, 

I loffmann, et aL, EMBO ]. vol: 12; page 53 (1993). Cdc2 is part of a complex consisting 

(^f a cvclin, cyclm Tlie phc^sphorylation events that occur on cdc2 occur after its 

association with cyclin B 
5 The identification and isolation of a human enzyme with kinase activity similar 

to Xenopus Mytl w^ill have significant medical applications both as an inhibito ' of 

uncontrolled cell growth as displayed by cancer cells, and as a means to identity small 

molecules with similar activity in drug screening assays. Morec:>ver, the enzyme will 

have diagnostic applications. 
10 Summary of the Invention 

A first object of the mv^ention is to describe a family of related isolated nucleic 

acid sequences that encode proteins with kinase activity, hereinafter referred to as Cell 

Growth Regulatory Proteins. 

A second object of the invention is to describe a family of related isolated nucleic 
15 acid sequences that encode such Cell Growth Regulatory Proteins having molecular 

weights ranging from about -iS-bO kdalton^. 

A third object of the invention is to describe an isolated human Cell Growth 

Regulatory Protein having a calculated molecular weight of about 54.6 kdaltons that 

phosphorvlates Cdc2 of the Cdc2/CyclinB complex at amino acid residues threonine 14 
20 and tyrosine 15, which phosphorylation substantially inhibits the kinase activity of the 

Cdc2/CyclinB complex. 

A fourth object of the invention is to describe isolated nucleic acid sequences that 

encode protein fragments, or the fragments themselves of Cell Growth Regulatorv 

Protein{s), respectively. 
25 A hfth object of the invention is to describe host cells transformed with isolated 

nucleic acid sequences that encodes Cell Growth Regulatc>rv Protein(h) or fragments 

thereof 

A sixth object of the invention is to describe \'ectors that contain isolated nucleic 
sequences that encode Cell Grcnvth Regulatory Protein(s) or tragmcnts thereof. 
30 A seventh object of the invention is to describe complexes consisting of fvill 

length or fragments of Cell Growth Regulatory Proteins and cell cycle target proteins. 
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An eighth object of the m\'ention is to describe methods of diagnosing disease, 
preterablv those invoh'ing unwanted cell growth, including cancer, using isolated 
nucleic acid sequences, or fragments thereof, that encode a Cell Growth Regulatory 
Protein, or fragments thereof. 
5 A ninth object of the invention is a description of antibody that bmds to Growth 

Regulatory Protein, or fragments thereof. 

A tenth object of the invention is to describe an assay using isolated nucleic acid 
sequences that encc:>de a Ceil Growth Regulatorv Protein, or fragments therec~)f for 
identifvang compounds that would have therapeutic applications for the treatment of 
10 diseases involving unw^anted cell growth, including cancer. 

These and other objects of the present invention \v\l\ become apparent to one of 
ordinary skill in the art upon reading the description of the various aspects of the 
invention m the following specification. The foregoing and other aspects of the present 
invention are explained in greater detail in the drawings, detailed description, and 
1 5 examples set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 show^s the cDNA (Seq I. D. No. 1) and ammo acid sequence (Seq L D, 
No. 1) of the Cell Grow^th Regulatory Protein described in Example!. 

Figure 2 shows a diagram of the amino acid sequence (Seq I. D. No. 2) of the 
20 Cell Growth Regulatory Protein described in Examplel and four truncated Cell Growth 
Regulatory Protein mutants including deletions of the N-terminus, C-terminus, and the 
transmembrane segments. The expressed Cell Growth Regulatory Protein proteins 
contain an N-terminal FLA epitope tag and include Cell Growth Regulatory Protein-lb 
(residues ^)-4^*^), Cell Growth Regulatory Protem-IA (residues 58-499), Cell Growth 
25 Regulatory Protein-4b (residues 9-292), and Cell Growth Regulatory Protein-Z!!^T.M. 
(deleted transmembrane) (residues 9-499 with residues 379-398 deleted). 

Detailed Description of the Invention 
All publications and patent applications mentioned in this specification are 
herein incorporated by reference to the same extent as if each individual publication or 
30 patent applicatic:>n was specifically and individually indicated to be incorporated bv 
reference. 
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Definitions 

At the outset it is worth noting that unless defined otherwise, all technical and 
scientific terms used herein have the same meaning as commonly understood by one of 
ordinary skill in the art to which this invention belongs. Generally, the nomenclature 
5 used herein and the laboratory procedures described below are those well known and 
commonly employed in the art. Standard techniques are used for recombinant nucleic 
acid methods, polynucleotide synthesis, and microbial culture and transformation (e.g., 
electroporation, lipofection). Generally enzymatic reactions and purification steps are 
performed according to the manufacturer's specifications, Tl^e techniques and 

10 procedures are generally performed according to conventional methods in the art and 
various general references (see generally, Sambrook et ai. Molecular Cloning: A 
Laboratory Manual. 2nd, edition (1989) Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., which is incorporated herein by reference) which are provided 
throughout this document. The nomenclature used herein and the laboratory 

I procedures in analytical chemistry, organic synthetic chemistry, and pharmaceutical 

formulation described below are those well known and commonly employed in the art. 
Standard techniques are used for chemical syntheses, chemical analyses, 
pharmaceutical formulation and delivery, and treatment of patients. 

The definitions of the cell cycle, and proteins involved therewith are well known 

20 to the skilled practitioner of this art. Briefly, cdc2 and cdc25 are defined as shown by 

Mueller, P. R., et al. Science, vol. 270, pages 86-90 (1995). Cdc2 associates with cyclm B 
to form a complex that phosphorylates a number of proteins provided that cdc2 is itself 
phosphorylated at threonine 161, and dephosphorylated at threonine 14 and tyrosine 
15. 

25 In the formulas representing selected specific embodiments of c^r Cell Growth 

Reeulat(^rv Protems of th(^ present invention, the ammo- and carboxv-termmal groups, 
although often not specifically shown, will be understood to be in the form they w(^uld 
assume at physiological pH values, unless otherwise specified. Thus, the N-terminal 
H^' and C-termmal-O at physiological pH are understood to be present though not 

30 necessarily specified and shown, either in specific examples or in generic formulas. In 
the polypeptide notation used herein, the left-hand end of the molecule is the ammo 
terminal end and the right-hand end is the carbow-terminal end, m accordance with 
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Standard usage and convention. Of course, the basic and acid addition salts including 
those which are formed at nonphysiological Ph values are also included m the 
conapounds of the invention. T\\e anaino acid residues described herein are preferably in 
the "L" isomeric form. Stereoisomers (e.g., D-amino acids) of the twenty conventional 
5 amino acids, unnatural amino acids such as a,a-distributed amino acids, N-alkyl amino 
acids, lactic acid, and other unconventional ammo acids mav alsc be suitable 
components for polypeptides of the present invention, as long as' the desired functional 
property is retained by the polypeptide. For the peptides shown, each encoded residue 
where appropriate is represented by a three letter designation, corresponding to the 
10 trivial name of the conventional amino acid, in keeping with standard polypeptide 
nomenclature (described ii^ I. Biol. Chem.. 243:3552-59 (1969) and adopted at 37 CFR 
§1.822(b)(2)). 

Free functional groups, including those at the carboxv- c^r amino-termmus, 
referred to as noninterfering substituents, can also be modified by amidation, acvlation 
15 or other substitution, which can, for example, change the solubility of the compounds 
without affecting their activity. 

As employed throughovit the disclosure, the following terms, unless otherwise 
indicated, shall be understood to have the following meanings: 

The term "isolated protein" referred to herein means a protein of cDNA, 
20 recombinant RNA, or synthetic origin or some combination thereof, which by virtue of 
Its origin the "isolated protein" (1) is not substantially associated with proteins found in 
nature, (2) is substantially free of other proteins from the same source, e.g. free of 
human proteins, (3) may be expressed by a cell from a different species, or (4) does not 
occur in nature. 

25 The term naturally-occurring" as used herein as applied to an object refers to the 

fact that an object can be found in nature. For example, a polypeptide or polynucleotide 
sequence that is present in an organism (including viruses) that can be isolated from a 
source in nature and which has not been intentionally modified by man m the 
laboratory is naturally-occurring. 

30 The term "polynuclee^tide" as referred to herein means a polvmeric form of 

nucleotides of at least 10 bases in length, either ribonucleotides or deoxynucleotides or a 

6 
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modified fe:»rm of either type of nucleotide. The term mcludes single and double 
stranded forms of DNA. 

The term "oligonucleotide" referred to hcrem includes naturally occurring, and 
modified nucleotides Imked together by naturally occurring, and non-naturally 
occurrmg oligonucleotide linkages. Oligonucleotides are a polynucleotide subset with 
200 bases or fewer in length. Preferably oligonucleotides are 10 to 60 bases in length 
and most preferably 12, 13, 14, 15, 16, 17, 18, 19, or 20 to 40 bases m length. 
Oligonucleotides are usually single stranded, e.g. for probes; although oligonucleotides 
may be double stranded, e.g. for use in the construction of a gene mutant. 
Oligonucleotides of the invention can be either sense or antisense oligonucleotides. The 
term "naturally occurring nucleotides" referred to herein includes deoxyribonucleotides 
and ribonucleotides. The term "modified nucleotides" referred to herein includes 
nucleotides with modified or substituted sugar groups and the like. Tlie term 
"oligonucleotide linkages" referred to herein includes oligonucleotides linkages such as 
phosphorothioate, phosphorcxiithioate, phosphoroselenoate, phosphorodiselenoate, 
phosphc^roanilothioate, phoshoraniladate, phosphoroamidate, and the like. An 
oligonucleotide can include a label for detection, if desired, 

Tlie term "sequence homology" referred to herein describes the proportion of 
base matches between two nucleic acid sequences or the proportion amino acid matches 
between two amino acid sequences. When sequence homology is expressed as a 
percentage, e.g., 50*)'o, the percentage denotes the proportion of matches over the length 
of sequence from Cell Growth Regulatory Protein that is compared to some other 
sequence. Gaps (m either of the tw^o sequences) are permitted to maximize matching; 
gap lengths of 15 bases or less are usually used, 6 bases c^r less are preferred with 2 
bases c>r less more preferred. When usin^^ oligonucleotides as probes or treatments the 
^eqiu^nce homology between the tar,u;et nucleic acid and the oligonucleotide sequence is 
generally n(^t less than 17 target base matches out of 20 possible oligonucleotide base 
pair matches (85''m); preferably not less than 9 matches out of 10 possible base pair 
matches O^O' -o), and most preferably not less than 1^^ matches out ot 20 possible base pair 
matches (95"/<>). 

Two amino acid sequences are homologous if there is a partial or complete 
identU\' between their sequences. I'or example, Si^*'.. hon^ology means that S5''o ot the 
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amino acids are identical when the two sequences are aligned tor maximum matching. 
Gaps t in either of the two sequences being matched) are allowed in maximizing 
matching; gap lengths of 5 or less are preferred with 2 or less being more preferred. 
Alternatively and preferably, two protein sequences (or polv^peptide sequences derived 
5 from them of at least 30 ammo acids in length) are homologous, as this term is used 
herein, if they have an alignment score of at more than 5 (in standard cieviation units) 
using the program ALIGN wnth the mutation data matrix and a gap penalty of 6 or 
greater. See Dayhoff, M.O., in Atlas of Protem Sequence and Structure, 1972, \'olume 5, 
National Biomedical Research Foundation, pp. 101-110, and Supplement 2 to this 

10 \'olume, pp. I-IO. The two sequences or parts thereof are more preferably homologous 
if their amino acids are greater than or equal to 50% identical w^ien optimally aligned 
using the ALIGN program. 

As used herein, "substantially pure" means an object species is the predominant 
species present (i.e., on a molar basis it is more abundant than any other individual 

15 species in the composition), and preferably a substantially purified fraction is a 

composition wherein the object species comprises at least about 50 percent (on a molar 
basis) of all macromolecular species present. Generally, a substantially pure 
composition w^iU comprise more than about 80 percent of all macromolecular species 
present in the composition, more preferably more than about 85%, 90%, 95°-o, and 99%. 

20 Most preferably, the object species is purified to essential homogeneity (contaminant 
species cannot be detecteci in the composition by conventional detection methods) 
w^herem the composition consists essentially of a single macromolecular species. 

The phrases ''Cell Growth Regulatory Protein," ''Cell Growth Regulatory 
Peptide," or Cell Growth Regulatory Polypeptide" refer to proteins or peptides with 

25 kinase activity that regulate cell growth by phosphorylation of proteins that control the 
cell cycle. Each of these definitions is meant to encompass one or more such entities. 

The phrases "cell cycle target," or "cell cycle target gene product" refer to a 
protein which is phosphorylated by a Cell Growth Regulatory Protein and which is 
involved in controlling cell growth by affecting the cell cycle.. Such "cell cycle targets" 

30 may be dimenc; an example is cdc2. Cdc2 requires association with cyclin B to be 

phosphorylated at threonine 14 and tyrosine 15 by the Cell Growth Regulatory Protein 
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described herein. Liach of these definitions is also meant to encompass one or more 
such entities. 

Chemistry terms herein are used according to conventional usage m the art, as 
exemplified by The McGraw-Hill Dictionary of Chemical Terms (ed. Parker, S., 1985), 
5 McGraw-Hill, San Francisco, incorporated herein by reference. 

The p oduction of proteins from cloned genes by genetic engineering is well 
known. See, e.g. U.S. Patent Number 4,761,371 to Bell et al. at column 6, line 3 to 
column 9, line 65. (The disclosure of all patent references cited herein is to be 
incorporated herein by reference.) Tlie discussion which follows is accordingly 
10 intended as an overview of this field, and is not intended to reflect the full state of the 
art. 

DNA regions are operably linked when they are functionally related to each 
other, f^or example: a promoter is operably linked to a coding sequence if it controls the 
transcription of the sequence; a ribosome binding site is operably linked to a coding 
15 sequence if it is positioned so as to permit translation. Generally, operably linked 
means contiguous and, in the case of leader sequences, contiguous and in reading 
frame. 

Suitable host cells include prokaryotes, yeast cells, or higher eukaryotic cells. 
Prokaryotes include gram negative or gram positive organisms, for example Escherichia 

20 coll (E. coll) or Bacilli. Higher eukaryotic cells include established cell lines of 

mammalian origin as described below. Exemplary host cells are DH5a , E. coU VV3110 
(ATCC 27,325), E colt B, E. colt X1776 (ATCC 31,537) and E. coli 294 (ATCC 31,446). 
Pseudomonas species. Bacillus species, and Serratia marcesans are also suitable. 

In an insect system, /Vutographa califoniuM nuclear polyhidrosis virus ( AcNPV) 

25 niav^ be used as a \'cct(^r to express foreign i;cnes see Smith et al., 1983, I Virol. 

4h- ^S4- Smith I ' S ]\Ttent N(^. 4,215,051). Ii^ a spc^citu: en^bodiment described beunv, 
Sf*^* in.^ert cells are infected with a baculcn'irii^ v ectors expressing a Cell Growth 
Regulatory construct with either a 6x histidme t.u^ , mvc, or an EE-tag (i.e. Glu-Glu- 
tag). "E" refers to the amino acid glutamnu\ 

30 A broad warietv of suitable microbial tor^ are ax'ailable. Generally, a 

microbial vector will contain an origin ot rcpii^ n. umi rcLognized by the intended host, a 
promoter which will function in the hc^st ar : ; ' » :n>m. pic selection gene such as a gene 
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encoding proteins conferring antibiotic resistance or supplying an autotrophic 
requirement. Similar constructs will be manufactured for other hosts. £. coli is typically 
transformed using pBR322. See Bolix^ar ct al.. Gene 2, 95 (1977). pBR322 contains genes 
for ampicillin and tetracycline resistance and thus proyides easy means for identifying 
5 transformed cells. Expression \'ectors should contain a promoter which is recognized 
by the host organism. This generally means a promoter obtained from the intended 
host. Promoters most commonly used m recombinant microbial expression yectors 
include the beta-lactamase (penicillinase) and lactose promoter systems (Chang ct al, 
Nature 275, 615 (1978); and Goeddel ct ai, Nucleic Acids Res. 8, 4057 (1980) and EPO 

10 Application Publication Number 36,776) and the tac promoter (H. De Boer ct ai, Proc. 
Natl. Acad. Sci. USA 80, 21 (1983)). While these are commonly used, other microbial 
promoters are suitable. Details concerning nucleotide sequences of many promoters 
haye been pviblished, enabling a skilled worker to operably ligate them to DNA 
encoding Cell Growth Regulatory Protein in plasmid or yiral yectors (Siebenlist ct ai, 

15 Cell 20, 269, 1980)). The promoter and Shine-Dalgarno (SD) sequence (for prokaryotic 
host expression) are operably linked to the DNA encoding myt 1, i.e. they are 
positioned so as to promote transcription of the myt 1 messenger RNA from the DNA. 
The SD sequence is thought to promote binding of mRNA to the ribosome by the 
pairing of bases between the SD sequence and the 3' end of E. coli 16S rRNA (Steitz ct al. 

20 (1979). In Biological Regulation and Deyelopment: Gene Expression (ed. R.F. 
Goldberger)). To express eukaryotic genes and prokaryotic genes with a weak 
ribosome-binding site see Sambrook ct al. (1989) "Expression of cloned genes m 
Escherichia coli." In Molecular Cloning : A Labc^ratory Manual . Furthermore, a bacterial 
promoter can include naturally occurring promoters of non-bacterial origin that haye 

25 the ability to bind bacterial RNA polymerase and initiate transcription. A naturally 

occurring promoter of non-bacterial origin cau also be coupled unth a compatible RNA 
polymerase to produce high leyels of expression of some genes in prokaryotes. The 
bacteriophage T7 RNA polymerase/promoter system is an example of a coupled 
promoter system (Studier ct al (1986) /. Mol. l-^ioi 189:113; Tabor ct al (1985) Proc. Natl 

30 Acad. Sci. 82:1074). In addition, a hybrid pron^oter can also be composed of a 

bacteriophage promoter and an E. coli operas rc^c^ion (EPO Pub. No. 267,851). 
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Cell Growth Regulatory Proteins can be expressed intracellularly. A promoter 
sequence can be directly linked with a Cell Growth Regulatory gene or a fragment 
thereof, in which case the first amino acid at the N-terminus will always be a 
methionine, which is encoded by the ATG start codon. If desired, methionine at the N- 
5 terminus can be cleaved from the protein by in vitro incubation with cyanogen bromide 
c^r by either in vivo on in vitro incub ition with a bacterial methionine N-termmal 
peptidase (EPO Pub. No. 219,237). 

Cell Growth Regulatory Proteins of the instant invention are membrane 
associated and display a membrane segment. Such proteins can be generated with or 
10 without the membrane segment. To facilitate their purification in those instances 

where the transmembrane segment is not desired the segment can be removed to yield 
a soluble cytosolic Cell Growth Regulatory Protein using techniques well known in the 
art. 

Eukaryotic microbes such as yeast cultures may be transformed with suitable 
15 vectors containing a Cell Growth Regulatorv Protein. See, e.g, U.S. Patent Number 

4,745,057. Saccfiaromyces ccrevisiae is the most commonly used among lower eukaryotic 
host microorganisms, although a number of other strains are commonly available. 
Yeast vectors may contain an origin of replication from the 2 micron yeast plasmid or 
an autonomously replicatii^g sequence (ARS), a promoter, DNA encoding Cell Growth 
20 Regulatory Protein, sequences for polvadenvlation and transcription termination, and a 
selection gene. 

Suitable promoting sequences in yeast vectors include the promoters for 
metallothionein, 3-phosphoglycerate kinase (Hitzeman ct aL, J. Biol. Chcnu 255, 2073 
(1980) or other glycolvtic enzymes (Mess et ai, I. Adv. Enzvme Reg. 7, 149 (1968); and 
25 Holland ct ah, Biochcnnstn/ 1 7, 4900 (1978)), such as enolase, glvceraldehvde-3- 

pho'^phate dehvdr(^genase, hexokinase, p\TUvate decarboxvlase, phosphotructokinase, 
^luco^e-b-phc^sphate isomerase, 3-phosphoglvcerate mutase, pvruvate kinase, 
triosephosphate isimierase, phosphoe;iucose isomerase, and glucokinase. Suitable 
vectors and promotes rc^r use in veast expression are further described in R. Hitzman cl 
30 iiL, EPO Publication Number 73,657. 

Cultures of cells derived from multicellular organisms are a desirable host for 
recombinant Cell C^rowth Regulatt^r\' Protein s\-nthesi>. In principal, anv higher 

1 1 

BNSDOCID <-WO ya21 > 



wo 98/21342 




PCT/LS97/18577 



eukarvotic cell culture is workable, whether from \'ertebrate or invertebrate culture. 
IIowe\'er, mammalian cells are preferred, as illustrated m the Examples. Propagation 
of such cells m cell culture has become a routme procedure. See Tissue Culture, 
Academic Press, Kruse and Paterson, editors (1973). 
5 The transcriptional and translational control sequences in expression vectors to 

be used m transforming vertebrate cells are often provided bv viral sources. For 
example, commonly used promoters are derived from polyoma, Adeno\^irus 2, and 
Simian Virus 40 (SV40). See, e.g., U.S. Patent Number 4,599308. 

An origin of replication may be provided either bv construction of the vector to 

10 include an exogenous origin, such as may be derived from SV40 or other viral source 
(e.g. Pc^lyoma, Adenovirus, VSV, or BPV), or mav be prov^ided by the host cell 
chromosomal replication mechanism. If the vector is integrated into the host cell 
chromosome, the latter may be sufficient. 

Identification of Cell Growth Regulatory Proteins 

15 Cell Growth Regulatory Proteins can be identified using several different 

techniques for detecting protem-protem interactions. Among the traditional methods 
which may be employed are co-immunoprecipitation, crosslinking and co-pvirification 
through gradients or chromatographic columns of cell Ivsates c^r proteins obtained from 
cell lysates, and to identify proteins in the lysate that phosphorylate target proteins 

20 knowm to regulate cell growth through the cell cycle (i.e. cell cycle target proteins such 
as cdc2). Such assavs mav employ full length cell cvcle targets or a peptide. Once 
isolated, such an intracellular Cell Growth Regulatory Protein can be identified and can, 
m turn, be used, in conjunction with standard techniques, to identify other proteins 
with which It interacts. For example, at least a portion of an ammo acid sequence of an 

25 mtracellular Cell Grow^th Regulatory Protein which interacts with a cell cvcle target 

protein can be ascertained using techniques well knowm to those of skill in the art, such 
as the Edman degradation technique. (See, e.g., Creighton, 1983, "Proteins: Structures 
and Molecular Principles", W.H. Freeman & Co., N.Y., pp. 34-49). The amino acid 
sequence obtained may be used as a guide for the generation of oligonucleotide 

30 mixtures that can be used to screen for gene sequences encoding such intracellular 

proteins. Screening may be accomplished, for example, by standard hvbridization or 
PGR techniques. Techniques for the generation of oligonucleotide mixtures and the 



BNSDOCID <WO 9821342A1_I_> 



wo 98/21342 W W PCT/US97/18577 

screening are well-known. (See, e.g. , Ausubel, supra. , and PR Protocols: A Guide to 
Methods and Applications, 1990, Innis, M. et aL, eds. Academic Press, Inc., New York). 

Additionally, methods may be employed which result in the simultaneous 
identification of genes vv^hich encode the intracellular pre^teins interacting with . Tliese 
methods include, for example, probing expression, libraries, in a manner similar to the 
well known technique of antibody probing of Agtll librai es, using labeled protein, or 
fusion protein, e.g. , fvised to a marker ( e.g., and enzyme, tluor, luminescent protein, or 
dye), or an Ig-Fc domain. 

One method which detects protein interactions ni vivo,, and which does not relv 
on the kinase activity of Cell Growth Regulatory Protein, is the two-hybrid system, and 
is described in detail for illustration only and not by way of limitation. This system has 
been described ( U. S. Patent No. 5, 283, 173 Chien et al., 1991, Proc, Natl. Acad. Sci. 
USA, 88:9578-9582) and is commercially available from Clontech (Palo Alto, CA). 
Briefly, utilizing such a system, plasmids are constructed that encode two hybrid 
proteins: one plasmid consists of nucleotides encoding the DNA-binding domain of a 
transcription activator protein fiised to a Cell Growth Regulatory nucleotide sequence 
encoding a Cell Growth Regulatory , or peptide or fusion protein, and the other 
plasmid consists of nucleotides encoding the transcription activator protein's activation 
domain fused to a cDNA encoding an unknown protein which has been recombined 
into this plasmid as a part of the cDNA library. The DNA-binding domain fusion 
plasmid and the cDNA library are transformed into a strain of the yeast Saccharomyces 
cerevisiae that contains a reporter gene ( e.g., MBS or lacZ) whose regulatory region 
contain the transcription activator's binding site. Lither hybrid prc^tein alone cannot 
activate transcription of the reporter gene; the DN/\-binding domain hybrid canncn 
because it deK's not provide actiwatitMi fimcticMi. <ind the acti\'ati(^n domain hvbrid 
V annot bccavise :t cann(>t hx^'iHzr to the r[cti^'at(>r*^ bindin<^ ^ites Interactic^n c^f the two 
hvbri'l proteins r(\^nnstitutes the fimction.ll arti\Mt(^r protein and rt^sults in exuressicm 
v>f the reporter gene, which is detected bv an assay f{^r the reporter gene product. 

The twohvbrid system or related methcuiology may be used to screen activation 
domain libraries for proteins that interact with the "bait' gene product. Bv way of 
t^xample, and not by \yav of limitaticMi, cell cycle proteins that regulate cell grc^wth ((i.e. 
cell cycle target prcHeins such as cdc2), or a peptide, or fusuMi prt^ein derived 
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theretrom may be used as the bait gene product. Total genomic or cDNA sequences are 
fused to the DNA encodmg an actn-ation domain, This hbrarv and a plasmid encoding 
a hybrid of a bait cell cycle target gene product fused to ^he DNA-binding domain are 
ccnransformed into a yeast reporter strain, and the resulting tranformants are screened 
5 for those that express the reporter gene. For example, and not by way of limitation, a 
bait gene sequence, si ch as the open reading frame of a cell cycle target protein, or a 
domain of cell cycle target protein (i.e. a peptide that contains among other ammo acids, 
threonine 14 and tyrosine 15 of cdc2) can be cloned into a vector such that it is 
translationally fused to the DNA encoding the DNA-bindmg domain of the GAL4 

10 protein. These colonies are purified and the library plasmids responsible for reporter 
gene expression are isolated. DNA sequencing is then used to identify the proteins 
encoded by the library plasmids. 

A cDNA library of the cell line from which proteins that interact with bait cell 
cycle target gene prociuct are to be cietected can be made using methods routinely 

\5 practiced in the art. According to the particular system described herein, for example, 
the cDNA fragments can be inserted into a vector such that they are translationally 
fused to the transcriptional activation domain of GAL4. This library can be co- 
transfected along with the bait cell cycle target gene-GAL4 fusion plasmid into a yeast 
strain which contains a lacZ gene driven by a promoter which contains GAL4 activation 

20 sequence. A cDNA encoded protein, fused to GAL4 transcriptional activation domain, 
that interacts with bait cycle target gene product will reconstitute an active GAL4 
protein and thereby drive expression of the HIS3 gene. Colonies which express HIS3 
can be detected by their growth on petri dishes containing semi-solid agar based media 
lacking histidine. The cDNA can then be purified from these strains, and used to 

25 produce and isolate the bait cycle target gene-interacting protein using techniques 
routinely practiced in the art. 

Whenever a protein is isolated using the two-hybrid assay, an independent assay 
to ascertain whether the protein has kinase activity is performeci. Such assays are well 
known in the art, and an example is described by Mueller, P. R. et al., Mol. Biol. Cell, 

30 vol. 6, page 119 (1995). 
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Cell Growth Regulatory Protein cDNA 

The cDNA, and deduced amino acid sequence, of a representative Cell Growth 
Regulatory Protein is shown in Figure 1. The cDNA encodes a protein that has a 
calculated mc^lecuiar weight of 54.6 kd. 
5 The Cell Growth Regulatory Protein nucleotide sequences of the invention 

include: (a)the human cDNA sequence shown in Figure 1 or contained in the cL NA 
clone as deposited with the American Type Culture Collection under accession number 
98169; (b) and any non-Xenopus nucleotide sequence that hybridizes to the complement 
of the DNA sequence shown in Figure 1 or contained in the cDNA clone as deposited 
10 with the ATCC accession number 98169 under highly stringent conditions, e.g. , 

hybridization to filter-bound DNA in 0.5 M NaFlP04, 7'%. sodium dodecyl sulfate (SDS), 

ImM EDTA at 65°C, and washing in O/lxSSC/O.l*!^ SDS at 68°C (Ausubel P.M. et al., 
eds., 1989, Current Protocols in Molecular Biology, Vol. I, Green publishing Associates, 
Inc., and John Wiley &: sons. Inc., New York, at p. 2,10.3) and encodes a fimctionaily 

i equivalent gene product; and (c) anv non-Xenopus t^ucleotide sequence that hybridizes 
to the complement of the DNA sequences that encode the amino acid sequence shown 
in Figure 1 or contained in the cDNA clone as deposited with the ATCC 98169 under 
less stringent conditions, such as moderately stringent conditions, e.g ., washing in 
0.2xSSC/0.1% SDS at 42^C (Ausubel et aL, 1989, supra ), yet which still encodes a 

20 functionally equivalent Cell Growth Regulatory Protein gene product. Functional 

equivalents include naturally occurring Cell Growth Regulatory Protein genes present 
in other species, excluding Xenopus, and mutant Cell Growth Regulatory Protein genes 
whether naturally occurring or engineered which retain at least some of the fvmctional 
activities of a Cell Growth Regulatory Protein ( i.e. , binding to ). Tl^e invention also 

25 includes degenerate variants of sequences (a) through (c). 

Tlie in\'entiun also includes r.ucieiL acid moleeuies, prt^ferablv DNA ino!eci:io'^ 
that hvbndize to, and are thoietoie the compleir.ents of, tb.e nuclvotide ^rqiunnces (a )- 
through (c), m the preceding paragraph. Such hybridizaticui conditions may be highly 
stringent or less highly stringent, as described abo\'e. In instances wherein the nucleic 

30 acid molecules are deoxyoligonucleotides ("oligos"), highly stringent conditions may 
refer, e.g ., to washing in h\SSC\' t).03'\; sodium pyrophosphate at 37'VI.C (for 14-base 
oligos), 48*'oC (ft^r 17 base oligos), 33'".>C iiov 20-base c^igosi, and 6i)*';.C (for 23-base 

15 
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oligos). These nucleic acid molecules may encode or act as Cell Growth Regulatory 
gene antisense molecules, useful, for example, m gene regulation (for and /or as 
antisense primers in amplification reactions of Cell Growth Regulatory gene nucleic 
acid sequences). Such sequences may be used as part of ribozvme and/or triple helix 
5 sequences, also useful for Cell Growth Regulatory gene regulation. Still further, such 
molecules may be used as components of die 'gnostic methods whereby, for example, the 
presence of a particular Cell Growth Regulatory Protein allele associated with 
uncontrolled cell growth (i.e. cancer) may be detected. 

Further, it will be appreciated by one skilled m the art that a Cell Growth 

10 Regulatory Protein gene homolog may be isolated from nucleic acid of an organism of 
interest by performing PCR using two degenerate oligonucleotide primer pools 
designed on the basis of amino acid sequences withm the Cell Growth Regulatory gene 
product disclosed herein. The template for the reaction may be cDNA obtained by 
reyerse transcription of mRNA prepared from, for example, human or non-human cell 

15 lines or cell types, such as breast or oyarian cells, known or suspected to express a Cell 
Growth Regulatory gene allele. 

The PCR product may be subcloned and sequenced to ensure that the amplified 
sequences represent the sequences of a Cell Growth Regulatory gene. The PCR 
fragment may then be used to isolate a full length cDNA clone by a variety of methods. 

20 For example, the amplified fragment may be labeled and used to screen a cDNA library, 
such as a bacteriophage cDNA library. Alternatively, the labeled fragment may be used 
to isolate genomic clones yia the screening of a genomic library. 

PCR technology may also be utilized to isolate full length cDNA sequences. For 
example, RNA may be isolated, following standard procedures, from an appropriate 

25 cellular source ( i.e. . one known, or suspected, to express a Cell Growth Regulatory 

Protein gene, such as, for example, from breast or ovarian cells). A reverse transcription 
reaction may be performed on the RNA using an oligonucleotide primer specific for the 
most 5' end of the amplified fragment for the priming of first strand synthesis. Tl^e 
resulting RNA/DNA hybrid may then be "tailed" with guanines using a standard 

30 terminal transferase reaction, the hybrid may be digested \yith RNAase M, and second 
strand synthesis mav then be primed with a poly-C primer. Tlius, cDNA sequences 

16 
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upstream of the amplified fragment may easily be isolated. For a review of cloning 
strategies which may be used, see e.g., Sambrook et al., 1989, supra . 

A cDNA of a mutant Cell Growth Regulatory Protein gene may also be isolated, 
tor example, by usmg PCR. In this case, the first cDNA strand may be synthesized by 
hybridizing an oligo-dT oligonucleotide to mRNA isolated from cells known or 
suspected to be expressed in an individual putatively carrying the mutant Cell Growth 
Regulatory allele, and by extending the new strand with reverse transcriptase. The 
second strand of the cDNA is then synthesized using an oligonucleotide that hybridizes 
specifically to the 5' end of the normal gene. Using these two primers, the product is 
then amplified via PCR, cloned into a suitable vector, and subjected to DNA sequence 
analysis through methods well known to those of skill in the art. By comparing the 
DNA sequence of the mutant Cell Growth Regulatory allele to that e^f the normal Cell 
Growth Regulatory allele, the mutation(s) responsible for the loss or alteration of 
function of the mutant Cell Growth Regulatory gene product can be ascertained. 

A genomic library can be cc^nstructed using DNA obtained from an individual 
suspected of or known to carry the mutant Cell Growth Regulatory allele, or a cDNA 
library can be constructed using RNA from a cell type known, or suspected, to express 
the mutant Cell Growth Regulatory allele. The normal Cell Growth Regulatory gene 
or any suitable fragment thereof may then be labeled and used as a probe to identify the 
corresponding mutant Cell Growth Regulatory allele in such libraries. Clones 
containing the mutant Cell Growth Regulatory gene sequences may then be purified 
and subjected to sequence analysis according to methods well known to those ot skill in 
the art. 

Additionally, an expression library can be constructed utilizing cDNA 
synthesized from, tor exam.ple, RNA isolated from a cell type known, or svispected.. to 
e\pre-^> rriutant Cell Cirowth R(\gul.itMr\/ .illele in an indi\'idual suspected of 
knou'n to ^:arr\' -urh a nvatant allele. In thi^ manner, gene prcKiucts made bv the 
putiith e4\' mutant cell type may be expresse<i and screened using standard antibody 
-r^creening techniques in conjimction with antibodies raised against the normal Cell 
Growth Regulatory gene product, as described, below. (For screening techniques, see, 
for example, Harlow, F. and I.ane,eds., 19SS, "Antibodies: A Laboratory Manual", Cold 
Spring Harbor Press, Cold Spring Harbor.) .AdditUfuallw screening can be 

17 
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accomplished bv screening with labeled fusion proteins. In cases where a Cell Growth 
Regulatory mutation results in an expressed gene product with altered h^mction ( e.g. , as 
a result of a missense or a trameshift mutation), a polyclonal set of antibodies to a Cell 
Growth Regulatory Protein are likely to cross-react with the Cell Growth Regulatory 
mutant. Library clones detected via their reaction with such labeled antibodies can be 
purified and subjected to sequence analysis according to methods v ?11 know^i^ to those 
of skill m the art. 

n^e invention also encompasses nucleotide sequences that encode peptide 
fragments of a Cell Growth Regulatory Protein, truncated Cell Grow^th Regulatory 

10 Proteins, and fusion proteins thereof. Nucleotides encoding fusic^n proteins may 

include but are not limited to full length Cell Grow^th Regulatory Protein, truncated 
Cell Growth Regulatory Proteins or peptide fragments to an unrelated protein or 
pepticie, such as for example, an epitope tag which aids in purification or cietection of 
the resulting fusion protein; or an enzyme, fluorescent protein, luminescent protein 

15 which can be used as a marker. The preferred epitope tag is glu-glu as described bv 
Grussenmyer, T., et al., Proc. Natl. Acad. Sci. U. S. A. vol. 82, pp. 7952-7954 (1985). 

The invention also encompasses (a) DNA vectors that contain any of the 
foregoing Cell Growth Regulatory Protein coding sequences and /or their complements 
(i.e., antisense); (b) DNA expression vectors that contain any of the foregoing Cell 

20 Growth Regulatory Protein coding sequences operatively associateci with a regulatory 
element that directs the expression of the coding sequences; and (c) genetically 
engmeereci host cells that contain any of the foregoing Cell Grow^th Regulatory Protein 
coding sequences operatively associated with a regulatory element that directs the 
expression of the coding sequences m the host cell. As used herein, regulatory elements 

25 include but are not limited to inducible and non-mducible promoters, enhancers, 

operators and other elements known to those skilled in the art that drive and regulate 
expression. Such regulatory elements include but are not iimiteci to the T7 promoter, 
baculovirus promoter, cytomegalovirus hCMV immediate early gene, the early or late 
promoters of SV40 adenovirus, the lac system, the trp system, the TAG system, the TRC 

30 system, the major operator and promoter regions of phage A, the control regions of fd 
coat protein, the promoter for 3-phosphoglycerate kinase, the promoters of acid 
phosphatase, and the promoters of the veast-mating factors. 
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Cell Growth Regulatory Proteins 

As mentioned above. Figure 1 shows the cDNA, and deduced ammo acid 
sequence, of a representative Cell Growth Regulatory Protein. The protein has a 
calculated molecular weight 54.6. 
5 The invention Cell Growth Regulatory Prc^teins, peptide fragments, mutated, 

truncated or deleted forms thereof and fusion proteins of these can be prepared for a 
variety of uses, including but not limited to the generation of antibodies, as reagents in 
diagnostic assays, the identification and /or the interaction with other cellular gene 
products involved in cell growth, as reagents in assays for screening for compounds 
10 that can be used in the treatment of unwanted cell growth disorders, mcluding but not 
limited to cancer, and as pharmaceutical reagents useful in the treatment of such 
ciiseases. 

The Cell Grow^th Regulatorv Protein amino acid sequences of the invention 
include the amino acid sequence shown in FIG. 1, or the amino acid sequence encoded 

15 bv the cDNA clone, as deposited with the ATCC, accessicMi number 98169. Further, 

Cell Growth Regulatory Proteins ot other species, excluding Xenopus. are encompassed 
by the invention. In fact, anv Cell Growth Regulatory Protein encoded by the cDNAs 
described herein, are within the scope of the invention. 

The invention also encompasses proteins that are functionallv equivalent to the 

20 Cell Growth Regulatorv Protein encoded bv the nucleotide sequence described above 
and shown in Fig. 1, as judged bv anv of a number of criteria, including but not limited 
to the abilitv to bind to and phospliorylate a cell cycle target, and a change in cellular 
growth prc^perties or change m phenotvpe when the Cell Grow^th Regulatory Protein 
equivalent is present in an appropriate cell tvpr (i.e. an actively growing cell). Such 

25 functionallv equivalent Cell Growth Reguiatc>r\' Prc^tem proteins include but are nc^t 
limited to additions (^r substitutions of ammo ,)c\d rt.\sidues withm the amino acid 
sequence encoded bv the C\^ll Growth Regulatorv' Protein nucleotide sequences 
described, above, but which result in a silent c!"ian,L;e, thus producing a fvmctionallv 
equivalent gene product. Ammo acid substitutions mav be made on the basis of 

30 similantv in poiaritv, charge, solubilitv, h\\irtn^b.oLMcit\*, hvdrophilicitv, and /or the 
amphipathic nature of the residues involved f or r\,imple, nonpolar (hvdrophobic) 
an^inc^ acids include alanine, leucine, isoleiiv ■ i!;;io proline, phenvlaianme. 
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tryptophan, and methionine; polar neutral ammo acids mciude glvcine, serme, 
threonme, cysteine, tyrosine, asparagine, and glutamine; positively charged (basic) 
ammo acids include arginine, lysine, and histidme; and negatively charged (acidic) 
ammo acids include aspartic acid and glutamic acid. 
5 While random mutations can be made to Cell Growth Regulator\' Protein DNA 

(using random mutagenesis techniques well known to those skilled in the art) and the 
resulting mutant Cell Growth Regulatory Proteins tested for activity, site-directed 
mutations of the Cell Growth Regulatory Protein coding sequence can be engineered 
(using site-directed mutagenesis techniques well known to those skilled in the art) to 
10 generate mutant Cell Growth Regulatory Proteins with increased function, e.g. , altered 
binding affinity for . 

For example, mutant Cell Growth Regulatory Proteins can be engineered so that 
regions of interspecies identity are maintained, whereas the variable residues are 
altered, e.g., by deletion or insertion of an amino acid residue(s) or by substitution of 

15 one or more different amino acid residues. Conservative alterations at the variable 
positions can be engineered in order to produce a mutant Cell Growth Regulatory 
Protein that retains function. Nc^jn-conservative changes can be engineered at these 
variable positions to alter function. Alternatively, where alteration of function is 
desired, deletion or non-conservative alterations of the conserved regions can be 

20 engineered. One of skill in the art may easily test such mutant or deleted Cell Growth 
Regulatory Proteins for these alterations in function using the teachings presented 
herein. 

Other mutations to a Cell Growth Regulatory Protein coding sequence can he 
made to generate Cell Growth Regulatory Proteins that are better suited for expression, 
25 scale up, etc. m the host cells chosen. For example, the triplet code for each ammo acid 
can be mociified to conform more closely to the preferential codon usage of the host 
cell's translational machinery. Also, the coding sequence can be modified to omit the 
transmembrane region, thus providing a soluble c\'tc^solic Cell Growth Regulatory 
Protein. 

30 Peptides correspc^nciing to one or nuM-c domains (or a portion of a domain) of a 

Cell Growth Regulatory Protein, truncated or K irti it Cell Growth Regulatory Proteins 
( e.g. . Cell Growth Regulatory Proteins in w iv,. :i portions of one or more of the above 
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domains are cieleted) as well as fusion proteins m which the full length of a Cell 
Grow^th Regulatory Protein, a Cell Growth Regulatory Protein peptide or truncated 
Cell Growth Regulatory Protein is fused to an unrelated protein are also within the 
scope of the invention and can be designed on the basis of a Cell Growth Regulatory 
5 Protein nucleotide and Cell Growth Regulatory Protein amino acid sequences disclosed 
in this Section and above. Such fusion proteins include but are not limited to fusions to 
an epitope tag (such as is exemplified herein); or fusions to an enzyme, fluorescent 
protein, or luminescent protein which provide a marker function. 

While the Cell Growth Regulatory Proteins and peptides can be chemically 

10 synthesized ( e.g. , see Creighton, 1983, Proteins: Structures and Molecular Principles, 
VV.H. Freeman & Co., N.Y.), large polypeptides derived from the Cell Growth 
Regulatory Protein and the full length Cell Growth Regulatory Protein itself may 
advantageously be produced by recombinant DNA technology using tecliniques well 
known in the art for expressing nucleic acid containing Cell Growth Regulatory Protein 

15 gene sequences and /or coding sequences. Such methods can be used to construct 
expression vectors containing the Cell Growth Regulatory Protein nucleotide 
sequences described above and appropriate transcriptional and translational control 
signals. These methods include, for example, in vitro recombinant DNA techniques, 
svnthetic techniques, and in vivo genetic recombination. See, for example, the 

20 techniques described in Sambrook et al., 1989, supra , and Ausubel et al., 1989, supra. 
Alternatively, RNA capable of encoding Cell Growth Regulatory Protein nucleotide 
sequences mav be chemically svnthesizcd using, for example, synthesizers. See, for 
example, the techniques described m 'Oligonucleotide Svnthesis", 1984, Gait, M.j. ed., 
IRL Press, Oxford, which is incorporated bv reterence herein m its entirety. 

25 A varietv of host-expression vector svstcms mav be utilized tc^ express the Cell 

Growth Regulatc^rv Protein nucleotide sequences of the inx ention. Where a Cell 
Growth Regulatory Protein peptide or polypeptide is a soluble derivative the peptide 
or polypeptide can be recovered from the culture, Ul, from the hc^st cell in cases where 
the Cell Growth Regulatory Protein peptide or poh'peptide is ncU secreted, and from 

30 the culture media m cases where a Cell Growth Regulatorv Protein peptide or 

polypeptide is secreted by the cells. However, sucli engineered host cells themselves 
mav be used in situations where it is important ncn onlv to retain the structural and 
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functional characteristics of a Cell Growth Regulatorv Protein, but to assess biolo^^ical 
actu'ity, e.g. , m drug screening assays. 

The expression systems that may be used for purposes of the inyention include 
but are not limited to microorganisms such retroyirus, bacteria (e.g. . E. coli , B. subtilis ) 
5 transformed with recombinant bacteriophage DNA, piasmid DNA or cosmid DNA 
expression yectors containing Cell Growth Regulatory Protein nuclec^tide sequences; 
yeast ( e.g. , Saccharomyces, Pichia ) transformed with recombinant yeast expression 
yectors containing the Cell Growth Regulatory Protein nucleotide sequences; insect cell 
systems infected with recombinant yirus expression yectors (e.g. , baculoyirus) 

10 containing the Cell Growth Regulatory Protein sequences; plant cell systems infected 
with recombinant yirus expression yectors (e.g. . cauliflower mosaic yirus, CaMY; 
tobacco mosaic yirus, TMV) or transformed with recombinant piasmid expression 
\'ectors ( e.g. , Ti piasmid) containing Cell Growth Regulatory Protein nucleotide 
sequences; or mammalian cell systems {e^, COS. CPiO, BHK, 293, 3T3, U937) 

15 harboring recombinant expression constructs containing promoters deriyed from the 
genome of mammalian cells ( e.g ., metallothionein promoter) or from mammalian 
yiruses ( e.g. , the adenovirus late promoter; the yaccinia virus 7.5K promoter). 

In bacterial systems, a number of expression vectors may be advantageously 
selected depending upon the use intended for the Cell Growth Regulatory gene 

20 product being expressed. For example, when a large quantity of such a protein is to be 
produced, for the generatic^n of pharmaceutical compositions of Cell Growth 
Regulatory Protein or for raising antibodies to the Cell Growth Regulatory Protein, for 
example, \'ectors which direct the expression of high levels of fusion protein products 
that are readily purified may be desirable. Such vectors include, but are not limited, to 

25 the E. coll expression vector pUR278 (Ruther et al., 1983, EMBO J. 2:1791), in which the 
Cell Grow^th Regulatory coding sequence may be ligated individually into the vector in 
frame with the lacZ coding region so that a fusion protein is produced; pIN vectors 
(Inouve &: Inouye, 1985, Nucleic Acids Res. 13:3101-3109; Van Heeke & Schuster, 1989, J. 
Biol. Chem. 264:5503-5509); and the like. pGEX vectors may also be used tc^ express 

30 to reign polypeptides as fusion proteins with glutathione S-transferase (GST). If the 

inserted sequence encodes a relatively small polypeptide (less than 25 kD), such fusion 
proteins are generally soluble and can easily be purified from Ivsed cells by adsorption 
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to glutathione-agarose beads followed by elution in the presence of free glutathione. 
The pGEX vectors are designed to include thrombin or factor Xa protease cleavage sites 
so that the cloned target gene product can be released from the GST moiet}\ 
Alternatively, if the resulting fusion protein is insoluble and forms inclusion bodies in 
5 the host cell, the inclusion bodies may be purified and the recombinant protein 
solubilized using techniques well kr. own to one of skill in the art. 

In an insect system, Autographa californica nuclear polyhedrosis virus (AcNPV) 
may be used as a vector to express foreign genes. (E.g. , see Smith et aL, 1983, J. Virol. 
46: 584; Smith, U.S. Patent No. 4,215,051). In a specific embodiment described below, 

10 Sf9 insect cells are infected with a baculo virus vectors expressing either a 6 x HIS- 
tagged construct, or an (EE)-tagged Cell Growth Regulatory Protein construct. 

In mammalian host cells, a number of viral-based expression systems may be 
utilized. Specific embodiments described more fully below express tagged Cell 
Growth Regulatory Protein cDNA sequences using a CMV promoter to transiently 

1 5 express recombinant protein in U937 cells or in Cos-7 cells. Alternatively, retroviral 

vector systems well known m the art may be used to insert the recombinant expression 
construct into host cells. For example, retroviral vector systems for transducing 
hematopoietic cells are described in published PCT applications WO 96/09400 and WO 
94/29438. 

20 In cases where an adenovirus is used as an expression vector, the Cell Growth 

Regulatory Protein nucleotide sequence of interest may be ligated to an adenovirus 
transcription/translation control complex, e.g ., the late promoter and tripartite leader 
sequence. This chimeric gene may then be inserted in the adenovirus genome by ui 
vitro or in vivo recombination. Insertion in a non-essential region of the \'iral genome 

25 ( e.g. , rc^;ion E l or E3) will result in a recombinant virus that is viable and capable of 

expressing; the Cell Growth Regulatorv gene product m infected hosts. ( E.g. , See Logan 
& Shenk. 1984, Proc. NatL Acad. Sci. USA 81:3655-3659). Specific initiation signals mav 
also be required for efficient translation of inserted Cell Growth Regulatorv Protein 
nucleotide sequences. These signals include the /\TG initiation codon and adjacent 

30 sequences. In cases where an entire Cell Growth Regulatory Protein gene or cDNA, 
including its own initiation codon and adjacent sequences, is inserted into the 
appropriate expression vectcu, no additional translational control signals may be 

23 
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needed. However, m cases where onlv a portion ot the Cell Growth Regulatory Protein 
coding sequence is inserted, exogenous translational control signals, including, perhaps, 
the ATG initiation codon, must be provided. Furthermore, the initiation codon must be 
in phase with the reading frame of the desired coding sequence to ensure translation of 
5 the entire insert. These exogenous translational control signals and initiation codons 
c n be of a \'ariety of origins, both natural and synthetic. The efficiency of expression 
may be enhanced by the inclusion of appropriate transcription enhancer elements, 
transcription terminators, etc, (See Bittner et ah, 1987, Methods in Enzvmol. 153:516- 



fashion desired. Such modifications ( e.g. , glycosylation) and processing (e,g., cleavage) 
of protein products may be important for the function of the protein. Different host 
cells hav^e characteristic and specific mechanisms for the post-translational processing 

15 and modification of proteins and gene products. Appropriate cell lines or host systems 
can be chosen to ensure the correct modification and processing of the foreign protein 
expressed. To this end, eukaryotic host cells which possess the cellular machinery for 
proper processing of the primary transcript may be used. Such mammalian host cells 
include but are not limited to CHO, VERO, BHK, HeLa, COS, MDCK, 293, 3T3, VVI38, 

20 and U937 cells. 

For long-term, high-yield production ot recombinant proteins, stable expression 
is preferred. For example, cell lines which stably express the Cell Growth Regulatory 
Protein sequences described above may be engineered. Rather than using expression 
vectors which contain viral origins of replication, host cells can be transformed with 

25 DNA controlled by appropriate expression control elements (e.g. , promoter, enhancer 
sequences, transcription terminators, polyadenylation sites, etc.), and a selectable 
marker. Following the introduction of the foreign DNA, engineered cells may be 
allowx^d to grow for 1-2 days m an enriched media, and then are switched to a selective 
media. T\\e selectable marker m the recombinant plasmid confers resistance to the 

30 selection and allows cells to stably integrate the plasmid into their chromosomes and 
grow to form foci w^hich in turn can be cloned and expanded into cell lines. This 
method may advantageously be used to engineer cell lines which express the Cell 



544). 



10 



In addition, a host cell strain may be chosen which modulates the expression of 
the inserted sequences, or modifies and processes the gene product in the specific 
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Growth Regulatory Protein gene. Such engineered cell lines may be particularly useful 
in screening and evaluation of compounds that affect the endogenous activity of the 
Cell Growth Regulatory Protem gene product. 

A number of selection systems may be used, including but not limited to the 
herpes simplex virus thymidine kinase (VVigler et al., 1977, Cell 11:223), hypoxanthme- 
guanine phosphoribosyltransferase (Szybalska & Szybalski 1962, Proc. Natl. Acad. Sci. 
USA 48:2026), and adenme phosphoribosyltransferase (Lowy et al., 1980, Cell 22:817) 

genes can he employed in tk', hgprt' or aprt' cells, respectively. Also, antimetabolite 
resistance can be used as the basis of selection for the following genes: dhfr, w^hich 
confers resistance to methotrexate (Wigler et al., 1980, Natl. Acad. Sci. USA 77:3567; 
O'Hare et aL, 1981, Proc. Natl. Acad. Sci. USA 78:1527); gpt, which confers resistance to 
mycophenolic acid (Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. USA 78:2072); neo, 
which confers resistance to the aminoglycoside G-418 (Colberre-Garapin et aL, 1981, J. 
Mol. Biol. 150:1); and hygro, which confers resistance to hygromycin (Santerre et aL, 
1^84, Gene 30:147) 

The Cell Growth Regulatory Protein gene products can also be expressed in 
transgenic animals. Animals of any species, including, but not limited to mice, rats, 
rabbits, guinea pigs, pigs, micro-pigs, goats, and non-human primates, e.g. , baboons, 
monkeys, and chimpanzees may be used to generate Cell Growth Regulatory Protein 
transgenic animals. 

Anv technique known in the art mav be used to introduce a Cell Growth 
Regulatory Protem transgene mto animals to produce the tounder lines of transgenic 
animals. Such techniques include, but are not limited to pronuclear microinjection 
(Moppe, P.C. and Wagner, T.E., 1989, U.S. Pat. No 4,873,191); retrovirus mediated gene 
transter into germ line^ (Van der Putten et aL, 1983, Proc. Natl. Acad. Sci., US.A '^2:61 4S- 
-132); gene targeting in i-mbrvoni. .-.tern cells (Thompson et aL, U^so. Cell ^^:^n-:^2r^- 
cicctrtiporatio:^ embr\-v>- (Iav iO^<3, \K4r,^ll Bic^l ^: 1 Sfl^ - 1 SI 4); and sperm-med:ateri 
gene transfer (Lavitrano et aL, l^S^L Cell =^7:"17-723); etc. For a review of such 
techniques, see Gordon, 1^\SQ, Transgenic Animals, Intl. Rev, CvtoL 113:171-229,, which 
is incorporated bv reference herein in its entirety. 

The present invention provides for transgenic animals that carry the transgene 
in some, but not all their cells, mosaic animals. The transgene mav be integrated as 
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a single transgene or in concatanaers, e.g. , head-to-heaci tandems or head-to-tail 
tandems. Tlie transgene may also be selectively mtroduced into and activated m a 
particular cell type by following, for example, the teachmg of Laskc^ et al. (Lasko, M. et 
al., 1^)92, Proc. Natl. Acad. Sci. USA 89: 6232-6236). The regulatory sequences required 
tor such a cell-type specific activation will depend upon the particular cell tvpe of 
interest, and will be app arent to those of skill m the art. When it is desired that the Cell 
Growth Regulatory Protein transgene be integrated into the chromosomal site of the 
endogenous Cell Growth Regulatory Protein gene, gene targeting is preferred. Briefly, 
when such a teclinique is to be utilized, vectors containing some nucleotide sequences 
homologous to the endogenous Cell Growth Regulatory Protein gene are designed for 
the purpose of integrating, via homologous recombination with chromosomal 
sequences, into and disrupting the function of the nucleotide sequence of the 
endogenous Cell Growth Regulatory Protein gene. In this wav, the expression of the 
endogenous Cell Growth Regulatory Protein gene may also be eliminated by inserting 
non-functional sequences into the endogenous gene. The transgene may also be 
selectively introduced into a particular cell type, thus inactivating the endogenous Cell 
Growth Regulatory Protein gene in only that cell type, by following, for example, the 
teaching of Gu et al. (Gu et al., 1994, Science 265: 103-106). The regulatory sequences 
required for such a cell-type specific mactivation will depend upon the particular cell 
type of interest, and will be apparent to those of skill in the art. Once transgenic 
animals have been generated, the expression of the recombinant Cell Growth 
Regulatory gene mav be assayed utilizing standard techniques. Initial screening may 
be accomplished by Southern blot analysis or PGR techniques to analyze animal tissues 
to assay whether integration of the transgene has taken place. Tlie level of mRNA 
expression of the transgene m the tissues of the transgenic animals may also be assessed 
using techniques which include but are not limited to Northern blot analysis of cell tvpe 
samples obtained from the animal, in situ hybridization analysis, and RT-PCR. 
Samples of Cell Growth Regulatory Protein gene-expressing tissue, mav also be 
evaluated immunocytochemically using antibodies specific for the Cell Growth 
Regulatory Prc^tem transgene product, as described below. 
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Antibodies to Cell Growth Regulatory Proteins 

Antibodies that specifically recognize one or more epitopes of a Cell Growth 
Regulatory Protein, or epitopes of conserved variants, or peptide fragments are also 
encompassed by the invention. Such antibodies include but are not limited to 
5 polyclonal antibodies, monoclonal antibodies (mAbs), humanized or chimeric 
antibodies, single chain antibodies, Fab fragments, F(ab')2 fragments, fragments 

produced by a Fab expression library, anti-idiotypic (anti-Id) antibodies, and cpitope- 
binding fragments of any of the above. 

The antibodies of the invention may be used, for example, in the detection of the 

10 Cell Growth Regulatory Protein m a biological sample and may, therefore, be utilized 
as part of a diagnostic or prognostic technique whereby patients may be tested for 
abnormal amounts of these proteins. Such antibodies may also be utilized in 
conjunction with, for example, compound screening schemes, as described herein for 
the evaluation of the effect of test compounds on expression and /or activity of the Cell 

1 5 Growth Regulatorv Pr(^tein. Additionallv, such antibodies can be used in conjunction 
with the gene therapy techniques described herein, to, for example, evaluate the normal 
and/or engineered Cell Growth Regulatory Protein expressing cells prior to their 
introduction into the patient. Such antibodies may additionally be used as a method for 
the inhibition of abnormal Cell Growth Regulatory Protein activit\^ 

20 For the production of antibodies, various host animals may be immunized by 

injection with a Cell Growth Regulatory Protein, a Cell Growth Regulatory Protein 
peptide, truncated Cell Growth Regulatory Protein polypeptides, functional 
equivalents of the Cell Growth Regulatorv Protein or mutants of the Cell Growth 
Regulatorv Protein. Such host animals mav include but are not limited to rabbits, mice, 

25 and rats, to name but a few. \'ari(uis adjutants mav be used to increase the 

immunc^k^gical re^pc^n^e. depending on thv host spf^nt^s inckuiine but not limited to 
Frcnin.i's (.^omplete and incomplete), mineral v^els snch as aluminum hydroxide, surface 
actn^e substances such as Ivsolecithin, pluronic polvt^l'^, polvani{nis, peptides, oil 
emulsions, keyhole limpet hemocvanin, dinitrophenol, and potentially useful human 

30 adjutants such as BCG (baciile Calmette-Guerin) and Cc^rvnebactenum parvum . 

Poh'clcMial antibodies are heterogeneous populatums of antibodv molecules derived 
tron^ the sera of the immunized animals. 
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Monoclonal antibodies, which arc homogeneous populations ot antibodies to a 
particular antigen, ma\- be obtained bv anv technique which provides for the 
production ot antibody naolecules by continuous cell lines in culture. Tliese include, but 
are not limited to the hybridoma technique of Kohler and Milstem, (1975, Nature 

5 256:4S»5-497; and U.S. Patent No. 4,376,110), the human B-cell hvbridoma technique 
(Kosbor et al., 1983, Immunology Today 4:72; ''^^ole et al., 1983, Proc. Natl. Acad. Sci. 
USA 80:2026-2030), and the EBV-hybridoma technique (Cole et al., 1985, Monoclonal 
Antibodies And Cancer Tl^erapy, Alan R. Liss, Inc., pp. 77-96). Such antibodies may be 
of any immunoglobulin class including IgG, IgM, IgE, IgA, IgD and any subclass 

10 thereof. The hybridoma producing the mAb of this invention mav be cultivated in vitro 
or in VIVO. Production of high titers of mAbs ui vivo makes this the presentlv preferred 
method of production. 

In addition, techniques developed for the production of 'chimeric antibodies" 
(Morrison et al., 1984, Proc. Natl. Acad. Sci. USA, 81:6851-6855; Neuberger et al., 1984, 

15 Nature, 312:604-608; Takeda et aL, 1985, Nature, 314:452-454) by splicing the genes from 
a mouse antibody mc^lecule of appropriate antigen specificity together with genes from 
a human antibody molecule of appropriate biological activity can be used. A chimeric 
antibody is a molecule in which different portions are derived from different animal 
species, such as those having a variable region derived from a mAb and a human 

20 immunoglobulin constant region. 

Alternatively, techniques described for the production of single chain antibodies 
(U.S. Patent 4,946,778; Bird, 1988, Science 242:423-426; Huston et al., 1988, Proc. Natl. 
Acad. Sci. USA 85:5879-5883; and Ward et al., 1989, Nature 334:544-546) can be adapted 
to produce single chain antibodies against Cell Growth Regulatorv Protein gene 

25 products. Single chain antibodies are formed by linking the heavy and light chain 
fragments of the Fv region via an ammo acid bridge, resulting in a single chain 
polypeptide. 

Antibody fragments which recognize specific epitopes mav be generated bv 
known techniques. For example, such fragments include but are not limiteci to: the 
30 F(ab')2 fragments which can be produced by pepsin digestion of the antibodv molecule 

and the Fab fragments which can be generated bv reducing the disulfide bridges of the 
F(ab')2 fragments. Alternatively, Fab expression libraries mav be constructed (Huse et 
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aL, 1989, Science, 246:1275-1281) to allow rapid and easy identification of monoclonal 
Fab fragments with the desired specificity. 

Antibodies to the Cell Growth Regulatory Protein can, in turn, be utilized to 
generate anti-idiotype antibodies that "mimic" the Cell Growth Regulatory Protein 

5 using techniques well knowm to those skilled in the art. (See, e.g .. Greenspan &: Bona, 
1993, FASEB J 7(5):437-444; and Nissinoff, 1991, J. Immunol. 147{8):2429-2438). 

Assays for Compounds that Affect Cell 
Growth Regulatory Protein Activity 
As is shown in more detail in the examples, one property of a Cell Growth 

10 Regulatory Protein is the capacity to phosphorylate certain proteins that regulate the 
cell cycle. Indeed, the Cell Grow^th Regulatory Protein exemplified in Figure 1 
phosphorylates cdc2 at tyrosine 15 and threonine 14, which phosphorylation blocks 
cells from entering mitosis. Thus, compounds that affect the phosphorylation of a cell 
cycle target protein by a Cell Grow^th Regulatory Protein(s) will affect the cell cycle, 

1 5 and hence cell growth. Tine extent of the effect will, in large part, depend on the 
chemical properties of the compounds tested. Some may strongly disrupt the 
interaction of the cell cycle target protein with a Cell Growth Regulatory Protein, while 
others would have a minimal effect. The former would be reflected in altered cell 
growth, w^hile the latter would not. Tlie converse is also true, certain compounds may 

20 strengthen the interaction of with Cell Growth Regulatory Proteins, in which case the 
opposite biological effect would be anticipated. Thus, it is highly desirable to assav for 
compounds that affect interactions ot cell c\'cle target proteins with Cell Grow^th 
Regulatc^ry Proteins. 

The basic principle of the assay systems used to identify such compounds that 

2^ affects interactions of Cell Growth Regulatory Proteins involves preparing a reaction 
mixture cf>ntnining cell c\'rle tari^et protein ii.v cdc2 complexed to an apprc^pnate 
cvclin, preferrablv cvclin BV. pc^l vpeptide, prptide or tusion protein of the same, as 
described above, and a Cell Growth Regulator\' Protein under conditions and for a 
time sufficient to alknv the two to interact and tor the cell cycle target protein to become 

30 phosphorvlated. In order to test a compound tor actix-itv, either inhibitory or 

stimulatory, the reaction mixture is preparoJ 'n tlu^ presence and absence c^f the test 
compound. Alternatively, the test cc^mpou:' : ;r, initially included m the reaction 
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mixture, or may be added at a tmie subsequent to the addition ot the ceil cvcle target 
protein and a Cell Growth Regulatory Protein. Control reaction mixtures are incubated 
without the test compound or with a placebo The amount or rate of phosphorylation 
of the cell cycle target protein caused by the Cell Growth Regulatory Protein is then 

5 detected. An increase in phosphorylation o\'er the control reaction mixture indicates 
that the compound interacts with the reactants to enhance phosphor lation of the cell 
cycle target protein. Controls can be run to ensure that the test compounds are not 
causing dephosphorylation of the cell cycle target protein. Such compounds w^ould be 
useful since they would mimic or enliance the effect of Cell Growth Regulatory 

10 Proteins, and thus haye applications as anticancer therapeutics. Additionally, 

phosphorylation in reaction mixtures contammg the test compound and normal, or 
wild type. Cell Grow^th Regulatory Protein may also be compared to phosphorylation in 
reaction mixtures containing the test compound and a mutant Cell Growth Regulatory 
Protein. This comparison may be important in those cases where it is desirable to 

15 identify compounds that affect phosphorylation of cell cycle target proteins by mutant 
but not normal Cell Growth Regulatory Protein. 

The assay for compounds that interfere w^ith, or stimulate the phosphorylation of 
a cell cycle target protein by a Cell Growth Regulatory Protein can be conducted in a 
heterogeneous or homogeneous format. Heterogeneous assays will generally inyolye 

20 anchoring the cell cycle target protein onto a solid phase and detecting phosphorylated 
complexes anchc^red on the solid phase at the end of the reaction. In homogeneous 
assays, the entire reaction is carried out in a liquid phase. In either approach, the order 
of addition of reactants can be yaried to obtain different information about the 
cc^mpounds being tested. Fc^r example, test compounds that interfere with the 

25 interaction by competition can be identified by conducting the reaction in the presence 
of the test substance; Le,, by adding the test substance to the reaction mixture prior to or 
simultaneously with the cell cycle target protein and interactiye Cell Growth 
Regulatory Protein. Alternatiyely, test compounds that disrupt prefc^rmed complexes, 
e.g . compounds with higher bi^ndmg constants tl^at displace one of the components 

30 from the complex, can be tested by adding th*.' tust compound to the reaction mixture 

after complexes haye been formed. RepresmMtp. e tormats are described brietly below. 
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In a heterogeneous assav system, the cell cycle target protein is anchored onto a 
solid surface, while the non-anchored Cell Cycle Regulatory Protein is used to 
phosphorylate the target protein. In practice, microtiter plates are convx^niently 
utilized. Tlie anchored species may be immobilized by non-covalent or covalent 
5 attachments. Non-covalent attachment may be accomplished simply by coating the 
solid surface with a solution of the cell cycle target protein and drymg. Alternatively, 
an immobilizec-i antibody specific for the species to be anchored, that is, the cell cycle 
target protein, may be used to anchor it to the solid surface. Tl^e surfaces may be 
prepared in advance and stored: 

10 In order to conduct the assay, the partner of the immobilized species, that is, the 

Cell Cycle Regulatory Protein, is exposed under proper reaction conditions to the 
coated surface with or without the test compound. After the reaction is complete, 
unreacted components are removed ( e.g. , by washing) and any phosphorylated 
complexes formed will remain immobilized on the solid surface. The detection ot 

i complexes anchored on the solid surface can be accomplished in a number of ways. 
Generally, radiolabelled phosphate transrerred trc^m gamma-labeled I'-A IP is 
measured. Depending upon the order of addition of reaction components, test 
compounds which inhibit complex formation or which disrupt preformed complexes 
can be detected. 

20 Alternatively, the reaction can be conducted in a liquid phase in the presence or 

absence of the test compound, the reaction products separated from unreacted 
components, and complexes detected; e.g ., using an immobilized antibodv specitic for 
one of the binding components to anchor anv complexes formed in solution, and a 
labeled antibotiv specific for the other partner to detect anchored complexes. .Again, 

25 depending upon the order of addition of reactants to the liquid phase, test cc^mpounds 
which inhibit complex or which disrupt preformed complexes can be identified. 

Alternate embodiments of the homogeneous assav are shown in U.S. Patent No.- 
4,109,496 bv Rubenstein. 

In a particular embodiment, a rusion protein can be prepared for immobilization. 

30 For example, a cell cycle target protein, or a peptide fragment therefrom, can be fused 
to a glutathione-S-transferase (GST) gene using a fusion vector, such as pGHX-5X-l, in 
such a manner that its abilitv to be pt^c>sphorvlated is maintained m the resulting tusion 

3 I 
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protein. In a heterogeneous assay, e.g. , the GST- fusion protein can be anchored to 
glutathione-agarose beads. The Cell Growth Regulatory Protein can then be added in 
the presence or absence of the test compound m a manner that allows binding and 
phosphorylation to occvir. At the end of the reaction period, unbound material can be 
5 washed away, and the labeled cell cycle target protein detected. Tl^e interaction 

between the cell cycle target protein and the Cell Growth Regulatory Protein can be 
detected by measuring the amount of radioacth'ity that remains associated with the 
glutathione-agarose beads. A successful inhibition of the interaction by the test 
compound will result in a decrease in measured radioactiyity. 

10 Alternatiyely% the GST- fusion cell cycle target protein and the Cell Growth 

Regulatory Protein can be mixed together in liquid m the absence of the solid 
glutathione-agarose beads. The test compound can be added either during or after the 
species are allow^ed to interact. Tliis mixture can then be added to the glutathione- 
agarose beads and unbound material is washed away. Again the extent of inhibition of 

15 the cell cycle target protein /Cell Growth Regulatc^ry Protein interaction can be detected 
by measuring the radioactiyity associated with the beads. 

In another embodiment of the inyention, these same techniques can be employed 
using peptide fragments that correspond to the phosphorylation domains of the cell 
cycle target protein. Any number of methods routinely practiced in the art can be used 

20 to identify^ and isolate the domains. Such domains are discussed more fully in the 
examples, below, and for cdc2, consist of the ATP binding domain. These methods 
include, but are not limited to mutagenesis of the gene encoding one of the proteins and 
screening for disruption of binding in a co-immunoprecipitation assay. 

Using the aboye described approach. Cell Growth Regulatory Protein dc^mains 

25 myolyed in phosphorylation cell cycle target proteins can be identified. Compensating 
mutations m the gene can then be selected. Sequence analysis of the genes encoding the 
respectiye proteins will reveal the mutations that correspond to the region of the 
protein inyolved m the phosphorylatic:)n reaction. The tw^o hybrid assay may also be 
used, as discussed more fully m the examples below. For instance, once the gene 

30 cc^ding for a Cell Growth Regulator)' Protein is obtained, short gene segments can be 
engineered to express peptide fragments of the protein, which can then be tested for 
phosphorylation activity and purified or synthesized. 
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Effective Dose 

Toxicity and therapeutic efficacy of compounds identified above that affect the 
interaction of cell cycle target proteins with Cell Growth Regulatory Proteins, and thus 
affect cell growth can be determined by standard pharmaceutical procedures in cell 
cultures or experimental animals, e.g. , for determining the LD5Q (the dose lethal to 50% 

of the populatic 1) and the ED5Q (the dose therapeutically effective in 50'!o of the 

population). Numerous model systems are kno^vn to the skilled practitioner of the art 
that can be employed to test the cell growth properties of the instant compovmds 
including growth of cells in soft agar, and effect on tumors in vivo. Such experiments 
can be conducted on cells co-transfected with and Cell Growth Regulatory Proteins. 

The dose ratio between toxic and therapeutic effects is the therapeutic index and 
it can be expressed as the ratio LD5Q/ED5Q. Compounds which exhibit large 

therapeutic indices are preferred. While compounds that exhibit toxic side effects may 
be used, care should be taken to design a delivery system that targets such compounds 
to the site of affected tissue ir^ order to minimize potential damage to uninfected cells 
and, thereby, reduce side effects. 

The data obtained from the cell culture assays and animal studies can be used in 
formulating a range of dosage for use in humans. The dosage of such compounds lies 
preferably within a range of circulating concentrations that include the ED^q with little 

or no toxicity. The dosage may vary within this range depending upon the dosage form 
emploved and the route of administration utilized. For anv compound used in the 
method of the invention, the therapeutically effective dose can be estimated initially 
from ceil culture assays. A dose may be formulated in animal models to achie\'e a 
circulating plasma concentration range that includes the IC^q (i.e. , the concentration of 

the test compound which achieves a halt-maximal inhibition of svmptoms) as 
detern^ined in cell culture. Such information can be used to more accurately determine 
useful doses in humans. Levels m plasma mav be measured, for example, bv high 
performance liquid chromatography. 

The Examples which follow are illustratn'c ot specific embodiments of the 
invention, and various uses thereof. Thev are set forth for explanatory purposes onlv, 
and are not to be taken as limiting the invention 
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Example 1 
Cloning of cDNA that Encodes Cell 
Growth Regulatory Protein 

A Cell Growth Regulatory Protein was identitied m a human placental cDNA 
5 librarv as follows. A TBLASTN search of the dbEST was performed usmg the ammo 
acid sequence encoded by yXenopus Cell Growth Regulatory Protein. See, Mueller al 
(1995) Science 270, pp 86-90. As expected, the majority of high-scoring matches were 
protein kinases, owing to the extensiye conseryation of residues within the catalytic 
domain of protein kinases (Hanks et al., (1988) Science 42-52). Hovveyer, tvyo nearly 
10 identical human ESTs (dbEST Id: 336264 and 335241) vyere found to match significantly 
ammo acid tracts within the C-terminal (non-catalytic domain) 130 residues of the 
Xenopus-Cell Grovyth Regulatory Protein kinase. A 325-bp DNA fragment 
corresponding to an internal region of EST clones 335241 and 336264 was PCR- 
generated, using oligos 5'-AGCAGCCTCTCCAGCAACTGG-3' and 5 - 
15 CAGAGAAGACCATGGAGTTCC-3' (5' and 3' primers, respectiyely) and the first 

strand cDNA synthesis of fetal brain RNA (Clonetech) as template. This DNA fragment 

w^as 32p_i^i3t^.ied by random priming (Pharmacia) and used as a probe to screen 

approximately 7 x 10^ clones of a human placental Lamda ZAPII cDNA library 
(Stratagene Corporation). Of the 9 positiv^es isolated, clone 16 was found to contain the 

20 longest cDNA insert, a 1.98-kb cDNA, and the complete DNA sequence of this clone 

w^as determined using an ABI sequence. Tlie 1.98-kb cDNA is approximately the size of 
the Cell Grovyth Regulatory Protein transcript obseryed by Northern blotting . 
Sequence analysis of this clone reyealed a 1497-bp open reading frame that is predicted 
to encode a 499-aa kinase with a calculated molecular mass of 54.6 kDA. We cannot 

25 exclude the possibility that this cDNA encodes a 490 aa protein since a second AUG 
codon, m an equally fayorable initiator context, is present 9 codons dovynstream from 
the first AUG. Regardless, an aspect of the instant inyention is the 1497-bp cDNA 
whether it encodes a 499- aa or 490-aa protein. Tliis cDNA is on deposit with the 
American Type Culture Collection under accession number 98169. 
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Example 2 

Properties of Cell Growth Regulatory Protein 

The Cell Growth Regulatory Protein described in Example 1, and encoded by the 
cDNA on deposit with the American Type Culture Collection under accession number 

5 98169, was tested for kinase activity by its capacity to inactivate Cdk/ cyclin complexes 
in a cell-free extract system. The bacu ovirus expression system described in Example 3 
was used to produce insect cell extracts that contained high levels of human Cdk, 
cyclin, Weel, and the Cell Growth Regulatory Protein. The production of these protems 
are either known in the art, or described in the following Examples. It is known 

10 previously that Cdk/cyclin kinase activation can be reconstituted upon mixing 

individual Cdk and cyclin-contaming lysates (Desai et al. (1992) Mol.Biol. Cell 571-582); 
thus, if the Cell Growth Regulatory Protein encodes a kinase that inhibits the activity of 
the Cdk/cyclin complex, this would be readily detected by performing the appropriate 
phosphorylation assays. 

15 We first assessed the ability of this assay to detect Wee! activity. VVeel is a 

kinase that is known to phosphorylate CdcZ/CyclinBl, but it phosphoryiates only one 
residue on Cdc2, and that is Tyrosine-15. Thus, experiments were conducted to 
compare and contrast its phosphorylation pattern of Cdc2 to that produced by the Cell 
Growth Regulatory Protein. 

20 Lysates containing wild-type Cdc2 were mixed with Cyclin Bl lysates and with 

either mock-infected c^r VVeel-containmg lysates. After a brief incubation, an aliqout of 
this Ivsate mixture was removed and Cdc2/CyclinBl kinase activity was determined by 
performing a histone HI kinase reaction, as described by Booher et al. (1993) EMBO J. 
vol. 12: 3417-3426. It was observed that the addition of VVeel lysates effectively 

2^ inhibited Cdc2 /CvclinBl kinase activation. Also, the VVeel inhibitory activity was 

(it*ptMi(iiMit (Mi ihi' prv^cnce o\ the phosphorvlatahle T\'rosme-15 residue m Cdc2, since 
the mutant constructs, rdc2-F1 ^ /CvclinBl and Cdc2-AF/CylinB] complexes retained 
full a(^tivity m the presence of VVeel Ivsates. 

When Cell Grow^th Regulatory Protein lysates were combined together with 

30 wild-type Cdc2 and CyclinBl-contaming lysates, a dramatic reduction in Cdc2 kinase 
activation was observed, similar to that observed for VVeel. Furthermore, such ivsates 
also inhibited both Cdc2-A14 and CdL 2-F15 actiwition indicating that the Cell C.rcnvth 
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Regulatory Protein can phorphorylate either Tl^reonine 14 or Tyrosine 15 inhibitory 
sites in Cdc2; though. Cell Growth Regulatory Protein preferentially phosphorylates 
Threonine 14 since Cdc2-A14 lysates consistently retain some histone HI kinase 
actiyity. Immunoblottmg of the Cell Growth Regulatory Protein/Cdc2/CyclinBl 

^ mixed lysates, using phosphotyrosme antibodies as probes (Wong et al. (1992) Cell yol. 
69: 551-358, and New England Biolabs Catalogue) shovyed that Cdc2 was 
phosphoryalted on Tyrosine 15 to some extent. 

Human Weel is capable e)f phosphorylating Cdk2/ cyclin A and Cdk2/cyclin F 
complexes in yitro . To determine whether the Cell Growth Regulatory Protein can also 

10 inactiyate the Cdk2/ cyclin complex, the histone HI kinase in Cdk2 lysates that had 
been actiyated m the presence of Cell Growth Regulatory Protein containing lysates 
was measured. A Cdk2-AF mutant was used as a reference to control tor any non- 
Threonme 14 or Tyrosine 15 phosphorylation inhibitory actiyity that may be present in 
the Cell Grc^wth Regulatory Protein lysate. The results show^ed an equiyalent amount 

15 of histone HI kinase actiyity was present in wild-type Cdk2 and Cdk2-AF lysates that 
had been mixed with either cyclin A or cyclin E lysates m the presence of Cell Growth 
Regulatory Protein, indicating that neither Cdk2/ cyclin A nor Cdk2/cyclin E 
complexes are negatively regulated by the Cell Growth Regulatory Protein. 

Additional experiments whether done to determine if the Cell Growth 

20 Regulatory Protein would inhibit Cdc2/cyclin A activation. Analysis of a Cell Growth 
Regulatory Protein/Cdc2/cyclin A mixed lysate revealed that it had greatly reduced 
histone HI kinase activity comparecd to a mock-treated or Cdc2-AF control lysate. 
Thus, Cell Growth Regulatory Protein can readily inhibit Cdc2/cyclin A activation. /\ 
simple interpretation of these results is that the Cdk subunit, not the cyclin subunit, is a 

25 key determinant for whether a particular Cdk/cyclin complex is recognized by the Cell 
Growth Regulatory Protein kinase. 

Additional experiments w^ere conducted on the kinase substrate specificity by 
testing whether Cell Growth Regulatory Protein could phosphorylate directly various 
Cdk /cyclin complexes. For these experiments, various combinations of affinity 

30 purified Cell Growth Regulatory Protein, Weel, and Cdk/cyclin complexes w^ere 

incubated together in a kinase reaction containing [gamma-^'-P]ATP foUow'ed by SDS- 
PAGE analysis of the -^-P-labeled proteins. These experiments show^ed that both 
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purified Cell Growth Regulatory Protein and VVeel kinases were capable of 
phosphorylating wild-type Cdc2 as well as a kinase-deficient Cdc2 mutant (K-), each of 
which was complexed with cyclin Bl. It was further determined that the Cdc2-AF 
mutant was not phosphorylated by Cell Growth Regulatory Protein or VVeel, 
indicating that these kinases were phosphorylating either Cdc2 residue Threonine 14, or 
TyrosinelS, or both. A low level of ^^P-labeled Cdc2 was als^ detected in the untreated 
wild-type Cdc2/cyclin Bl kinase reaction. The basis of this Cdc2 phosphorylation is 
unknown but a similar observation has been reported by Watanabe et al. (1995) EMBO 
J. vol. 14: 1878-1891. It should also be noted that we used a truncated Weel kinase in 
these studies because an unidentified 40 kD protein, which became highly -'-P-labeled in 
the Cdc2/cvclin Bl kinase reaction, co-pvirified with full-length VVeel during affinity 
chromatographv from Sf9 cell lysates. 

Further experiments showed that when Cdk2/cyclin complexes w^ere used as 
substrates in these kinase reactions. Cell Growth Regulatory Protein failed to 
phosphorylate Cdk2 that was complexed with either cvclin A or cyclin E. In contrast, 
VVeel readily phosphorylated Cdk2 that was complexed with either cyclin A ana cyciin 
E, which is consistent with the findings of Watanabe et al. (1995) EMBO J. vol. 14: 1878- 
1891. We also tested a Cdk4/cyclin Dl complex and found that neither Cell Growth 
Regvilatory Protein nor Weel phosphorylated the Cdk4 subunit. 

Thus, the above results establish that using either a crude lysate system or an in- 
vitro kinase reaction using purified components, it was consistentlv observ^ed that Cell 
Grow^th Regulatory Protein only phosphorylated and inactiv^ated Cdk/cyclin 
complexes in which Cdc2 was the catalytic subunit 

Because the ab(n'e experiments with Cell Growth Regulatory Protein were done 
on Cdc2 complexed to cvclins, experiments were ct)nductec1 to assess whether Cell 
Grtnvth Re^ulatorv Protein phosphorviation ot Cdc2 requires cvclin association Thus, 
a experiment was performed with Cell Growth Regulatorv Protein and moncmieric 
Cdc2 as substrate. The results showed that Cell Grow^th Regulatory Protein did not 
phosphorvlate monomeric Cdc2- I knvever, reconstitution of the Cdc2/ cvclin Bl 
complex, by pre-incubating monomeric Cdc2 with monomeric cyclin Bl, enabled Cell 
Grow^th Regulatorv Protein to phosphorylate Cdc2, indicating that Cell Grc^wth 
Regulatorv Protein can onlv phosphcn^vlate L\i<2 that is cc^nplexed with a cvclin 
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subunit. For comparison, similar experiments were conducted with the truncated Weel 
kmase, and it was obser\^ed that it was capable of ^-P-labelmg monomenc Cdc2, but this 
phosphorv'lation was enhanced when the cyclm-bound form was reconstituted, w^hich 
IS consistent with previous studies. See, Parker et al. (1995) PNAS vol. 92: 9638-9642. 

Because Cell Growth Regulatorv Protein failed to phosphorviate Cdc2-AF 
complexed with cyclm Bl, i must phosphorylate wild-type Cdc2 on either Threonme 14 
or Tyrosme 15, or both, Phosphoammo acid analysis of Cdc2 that had been ^-P-labeied 
by Cell Growth Regulatory Protein revealed that phosphorylation occurred only on 
threonme residues, mdicatmg that Cdc2-Threonmel4 was the sole site of Cell Growth 

10 Regulator}' Protem phosphorviation. The absence of phosphot\^rosme is unlikely due to 
the use of the Cdc2(K-) mutant smce the Tyrosme 15 residue was readily 
phosphor\iated by full-length Weel. Further phosphoammo analysis revealed that Cell 
Growth Regulatory Protem autophosphor\iated itself on t\^rosine, threonme, and serme 
residues, w^hile full-length Weel only contamed phosphotvrosine. 

15 Example 3 

Expression of Cell Growth Regulatory Proteins 
The Cell Growth Regulatory Protems were generally expressed m and purified 
from baculovirus Sf9 infected cells. Methods for expressmg protems m baculovirus, as 
well as growing Sf9 cells are well known in the art, and detailed procedures can be 

20 found in M. Summers and G. Smith in "A Manual of Methods for Baculovirus Vectors 
and Insect Cell Culture Procedures," Texas Agricultural Experiment Station, Bulletm 
No. 1555 (May, 1987 or m EPS 127,839 to G. E. Smith and M. D. Summers. Dependmg 
on the protein expressed, a preferred construct was generated and used to express the 
protem m Sf9 cells. These are as follows. 

-5 Cell Growth Regulatory Protein Baculovirus Expression Vector: A Cell Growth 

Regulatorv^ Protem-containmg DNA fragment corresponding to base-pairs 354-1925 
(numbermg according to Figure 1) was PGR amplified usmg cDNA clone 16 as template and 
the 5' primer 5'-TCGAATTCATGCCCATGCCCACG-3', correspondmg to bases 353-368 bases 
and the 3' primer 5'-CAGAGAAGACCATGGAGTTCC-3', correspondmg to the reverse 

30 complement of bases 1904-1925; and introduced EcoRl restriction site withm the 5' primer is 
italicized. This PGR fragment was cloned bv T-clomng mto vector pT7Blue (Novagen). An 
EcoRI-Xbal Cell Growth Regulator}^ Protem-containing DNA fragment was isolated from this 

3S 
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vector and inserted into the EcoRI and Xbal sites of the baculovirus transfer vector pAcO-Gl. 
This vector was generated from pAcOG, a derivative of pAcC13 (See, Figure 3, and 
Rubinfeld, B.. et al. Cell 65, 1033-1042 (1991)) m which the polylinker m pAcC13 was replaced 
with a svTithetic linker engineerea to encode an initiating n^ethionine, the Glu-Glu (See, 
5 Grussenmyer, T., et al. Proc. Natl. Acad. Sci. U.S.A. 82, 7952 (1985)) epitope tag, and a multiple 
clonmg site containing several stop codons (See, Rubinfeld, B., et al. J. Biol. Chem, 270, : 549- 
5555 (1995))- The baculovirus expression vector, pAcO-Gl, expresses a truncated Cell Growth 
Regulatory Protein hybrid protein (residues 1-9 deleted) that is hased with an N-terminal 12- 
residue peptide (MEYMPMEGTRPE). 
10 The Glu-Glu epitope tag facilitates purification of the Cell Growth Regulator}^ 

Protem fragment by antibody affinity as described below in Example 4. 
Weel Baculovirus Expression Vector: The full-length human Weel codmg region, 
corresponding to base-pairs 254-2194 (numbermg according to Watanabe et al. (1995) 
EMBO J. VOL. 14; 1878-1891). was isolated from the Weel-contammg clone lE-12 
1 5 [Watanabe, et al] and inserted mto the baculovirus transfer vector pAcO-Gl. This 

baculovirus expression vector expresses VVeei protem tnat is fused with an N-termmal 
23-residue pephde (MEYMPMEGTRPEFELGTRGSDVVS) that contams the Glu-Glu 
epitope tag. Additionally, Weel residue Senne 2 was changed to glycme. A 
baculovirus expression vector expressing a truncated Weel protem was constructed by 
20 msertmg a Weel-containmg DNA fragment corresponding to base-pairs 896-2194 

(numbermg according to Wanatabe et al.) mto pAcO-G3 (Figrure 3). This recombmant 
Weel protem is rused with an N-termmal 17-residue peptide 
(MEYKIPMEEVPGLNSAWS) that contams the Glu-Glu epitope tag. 

Cdk Baculovirus Expression Vecton Baculovirus expression vectors expressing 
25 C-terminal influenza hemagglutmm (HA)-tagged Cdc2-wt, F15, AF, and K- proteins, 
and C-termmal HA-tagged Cdk2-w^t and AF protems were all provided by Dr. David 
Morgan (UCSF) and have been previously described [Desai et al (1992) Mol Biol Cell 
3:571-582; Gu et al. (1992) EMBO]., 11:3995-40051. It mav be noted that F15, AF, and k- 
rerers to mutants of Cdc2. In some cases the HA-tac; was replaced with a 12-residue 
30 peptide, TMEYMPMEGYQA tor Cdc2 and SME\ MPMEG^ QA ror Cdk2, bv msertmg 
the respecnve codmg regions mto the baculo\'irus expression vector pAcO-G2 (Figure 
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^). The Cdc2-A14 mutation (Tl^reonine 14 to Alanine) was created bv site-directed oligo 
mutagenesis. 

Cyclin Baculovirus Expression Vector: The human cycHn.\ coding region was 
inserted into baculo\'irus expression vector pAcO-G3 such that the expressed c\'clinA 

5 protein is fused at the N-terminus with a 20-residue peptide 

(MEYMPMEEVPGLNSCSPGAV). The human c 'clm A coding region is described by 
Pines and Hunter (1^90) Nature, vol. 346: 760-7b3. A Pstl-SacI DNA frament 
containing the entire CyclirLA coding region was cloned into Pstl/SacI-cut baculovirus 
transfer vector pAcO-G3. Tl^e human cyclinB coding region w^as also inserted into 

10 pAcO-G3 and this expresses cyclinBl protein that contains an N-termmal 20-residue 
peptide (MEYMPMEEWGLNSCRAI^S). The cyclinBl coding region is described by 
Pines and Hunter (1^)89) Cell, vol. 58: 833-846. The coding region is contained in a 13 
kb DNA fragment which was cloned into BamHI/NotI cut baculovirus transfer vector 
pAcO-G3. The human cyclinE coding region was cloned into pAcO-Gl and w^as 

15 expressed with an N-termmal 21-residue peptide (MEYMPMEGTRPEFRDAKERDT). 
Tl^e CyclinE coding region is described by Koff et al. (1991) Cell, vol, 66: 1217-1228. 
An EcoRI-EcoRV DNA fragment containing the entire Cyclin E coding region was 
cloned into EcoRI/Smal cut baculovirus transfer vector pAcO-GL Each of these N- 
terminal peptides contain the Glu-Glu epitope. Tlie GST-cyclinBl baculovirus 

20 expression vector expresses cyclinBl with an N~terminal glutathione S-transferase 
fusion. 

Example 4 

Purification of Cell Growth Regulatory Protein 

Large-scale production of heterologous proteins in Sf9 cells with recombinant 
25 baculoviruses and subsequent purification ot Glu-Glu-tagged proteins w^as performed 
as follows. The Cdk/cvclin complexes were activated bv mixing separate Cdk and 
cyclin-containmg Sf9 extracts together with C AK (Cdk7/cyciin H; see. Fisher and 
Morgan (1994) Cell, vol. 78; 713-724) and ATP prior to purification. Brietly, 
baculovirus containing the appropriate ce:>n>triict was produced bv transfecting the 
30 abov^e described plasmids into SF9 cells, aiui i-olatiPi; the corresponding baculovirus 
using essentiallv the methods described in PI m mien's cat. no. 21100D, 
BaculoGoldtm/ Baculovirus DNA. Virus • - i-^ -i^it^ d rrom individual plaques, and 
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used to infect Sf9 cells. Tlie cells were jjjrown for 4 days, isolated bv centrifugation, and 
cell extracts made by solubilizing the cell pellet. Briefly/ recombinant Sf9 cells were 
pelleted, lysed m 5 volumes of [20mM Tris (pHS.O), ImM EDTA, lOmg/ml each of 
leupeptin, pepstatm, pefabloc, ImM aprotinin and ImM DTT] and incubated on ice for 
5 10 minutes. NaCl was then added to a final concentration of 150mM, incubated at room 
temperature for 10 minutes and centrifuged. The resulting supernatant was loaded 
onto a 1-ml affinity colvimn containing a mouse Glu-Glu monoclonal antibody 
covalently cross-linked to protein G-Sepharose. See, Grussenmyer, T., et aL, Proc. 
Natl. Acad. Sci. U. S. A. vol. 82/pp. 7952-7954 (1985). The column was washed with 10- 

10 15ml of lysis buffer and eluted with lOOmg of Glu-Glu peptide (EYMPME) per ml in the 
same buffer. Fractions were collected and analyzed by sodium dodecyl sulfate- 
polvacrylamide gel electrophoresis (SDS-PAGE), the peak fractions were pooled and 
based on purity subjected to Kirther purification on HPLC columns which include 
Resource Q, Resource S and Resource Eth (Pharmacia). For purification of insoluble 

If^ proteins, in particular 091-21A31, Sequence ID No. 1, recombinant Sf9 cells were 

pelleted, lysed m 5 volumes ot [20mM Tris (pHb.U), i37mM NaCl, ImM HG I A, 1.5mM 
MgCL. 2%SDS, lOmg/ml each of leupeptin, pepstatin, pefabloc, ImM aprotinin and 
ImM DTT], incubated at room temperature for 20-30 minutes and ultra centrifuged. 
The upper phase was removed, NaCl was adjusted to 400mM and recentrifuged. The 

20 clarified supernatant was then diluted 1:10 in 1 X TG buffer [20mM Tris (pH8.0), 

137mM NaCl, ImM EGTA, 1.5mM MgCh. 1% Triton XlOO, 10"!. glycerol, lOmg/ml each 
of leupeptin, pepstatin, pefabloc, ImM aprotmm and ImM DTT], filtered through a 
3uM Gelman Versapore filter and loaded onto a 1-ml anti-Glu-Glu affinitv^ column. See, 
Rubmfeld, B., et al., Mol. Cell. Bio. 12, 4634-4642 (1992). The column was washed with 

2.^ 10-1 5ml of 1 X TG buffer with 400mM NaCl and ekited m 1 X TG buffer with r^;. SDS 
and 1 flOm^j; M^il ( tIu-GIu peptide. F'ractions were analvzed bv SDS-PAGE. 



Growth Regulatorv Protein specific peptides. Each of the peptides was conjugated to 
maleimide activated KLH (Pierce) prior to immunization. Rabbits 123'-)0 and 123*^M 
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Prep a rati on o f A ntibod y to C ell G rowth 
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Regulatory^ Protein 

Polvclonal rabbit antibodies were raised against three different Cell 
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were injected with peptide C-47 corresponding to ammo acids 472-487 
iCNSEPPRGSFPSFEPRN) near the C-tcrmmus of Cell Growth Regulatory Protem. 
Rabbits 12392 and 12393 were injected with peptide C-49 corresponding to amino acids 
486-499 (CRNLLSMFEDTLDPT) at the C-terminus of Cell Growth Regulatory Protem. 
Rabbits 12400 and 12401 were injected with peptide C-48 corresponding to ammo acids 
10-23 (MPMPTEGTPPPLSGC) near the N-termmus of Cell Growth Re ;ulatory Protein. 
The Cell Grow^th Regulator\' Protem peptides were synthesized by Multiple Peptide 
Systems and the rabbit polyclonal antibodies vyere generated at Pocono Rabbit Farm 
and Laboratory, Inc. These antibodies were used to determine the cellular location of 
Cell Grovyth Regulatc^ry Protein, as described in Example 7. 



The Cell Grow^th Regulatory Protein encoded by the cDNA sequence sho\yn m 
Example 1 (American Type Culture Collection, Accession Number 98169) contains a 
predicted 20 amino acid transmembrane segment just C-terminal of the kmase catalytic 
domain (Mueller al (1995) Science 270, pp 86-90). To determine if this segment directs 
this Cell Growth Regulatory Protein to membranes, w^e expressed a series of Cell 
Growth Regulatory Protein deletion mutants m mammalian cells and assessed their 
ability to associate vyith the membrane fraction by immunoblotting. Four truncated Cell 
Grow^th Regulatory Protein mutants were constructed and included deletions of the N- 
terminus, C-terminus, and the transmembrane segments. These constructs are show^n 
schematically in Figure 2. Tl^e expressed Cell Growth Regulatory Protein forms include 
Cell Growth Regulatory Protein-lb (residues 9-499), Cell Growth Regulatory Protein-1 A 
(residues 58-499), Cell Growth Regulatory Protein-4b (residues 9-292), and Cell Grovyth 
Regulatory Protein- AT.M. (residues 9-499 vyith residues 379-398 deleted). They were 
generated as follow^s. 

Protein- lb , A Cell Grovyth Regulatory Protein-containmg DNA fragment (bases 
353-1925, numbering according to Figure 1) vyas PCR-amplified using cDNA clone 16 as 
template and the 5' primer 5'-TCGG/\TCCATGCCCATGCCCACG-3', corresponding to 
bases 353-368 bases and the 3' primer 5'-CAGAGAAGACCATGGAGTTCC-3', 
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corresponding to the reverse complement of bases 1904-1925; an mtroduced BamHI 
restriction site within the 5' primer is italicized. This PCR fragment was cloned by T- 
cloning into vector pTTBlue (Novagen). An EcoRI-Xbal Cell Growth Regulatory 
Protem-containing DNA fragment was isolated from this vector and inserted iiito the 
5 EcoRI and Xbal sites of the baculovirus transfer vector pCAN-HAl. Protein-IA , an 

EcoRI DNA fragment containing the Cell Growth Regulatory Protein corresponding to 
base-pairs 547-1976 (obtained from a partial cDNA clone in vector pZAPII) was cloned 
into the EcoRI site of vector pCAN-HAl. This clone contains approximately 20 
additional base-pairs within the 3' non-coding region. Prote]n-4b . a Cell Growth 

10 Regulatory Protein-containing DNA fragment (bases 353-1355, numbering according to 
Figure 1) was PCR-amplified using cDNA clone 16 as template and the 5' primer 5'- 
TCGGATCCATGCCCATGCCCACG-3', corresponding to bases 353-368 bases and the 3' 
primer 5'-CAGAGAAGACCATGGAGTTCC-3', corresponding to the reverse 
complement of bases 1340-1355; and introduced BamHI restriction site within the 5' 

1 5 prmier is italicized. Tliis PCR fragment was cloned by T-cloning into vector pT7 Blue 
(Novagen). An EcoRTXbal Cell Growth Regulatory Protein-containing DNA fragment 
was isolated from this vector and inserted into the EcoRI and XBal sites of the 
baculovirus transfer vector pCAN-HAl. Protem-A.T.M. , a BamHI DNA fragment 
containing the analogous Protein-lb coding region, except that base-pairs 1462-1518 

20 were deleted by oligo mutagenesis, was cloned into the BamHI site of vector pCAN- 
IIAl. 

As noted, each truncated form was fused at the N-terminus with the 
hemagglutmm (HA) epitope tag (See, Field et nl. (1988) MoL Cell. BioL, vol. 8; 2159^ 
2165) thus permittmg specific detection of the transiently expressed gene product by 

25 probing immunoblots with the \Iab 12CA5 which recognizes the hemagglutinin 

epitope tag t>ee, U'libon tjt ai. i l^^S4 j CulL \ > >1 "T' "tS7-77S 1. Tl"ie>t./ plasmids were 
tranMenth' transtected \nto iiuman C3.'"^A celL-^ Ubing standard tfchnique--, N^llnwtvi b\' 
immunoblot analvsis of the soluble and membrane fraction.-,. Brietlv, transient 
transfections of C33A cells were done on cells grown in DME, supplemented with fetal 

30 calf serum and lO'Vo BSA, using the calcium phosphate precipitation DNA transfection 
protocol. The SlOO and PlOO fractions (100,000g supernatant and pellet) were prepared 
from cells (48 hr post-transfection) that had been Ivsed bv dounce homc\genization in an 
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ice-chilled hypotonic buffer (10 mM Hepes, pH 7.3, 5 mM KCl, 1.5 mM MgCb, protease 
inhibitors). The membrane-bound proteins m the PlOO fractions were solubilized bv 
extracting the PlOO pellets with V'o NP40. 

The results showed that both of the N-termmal truncation mutants (-lb and -1 A) 
5 were present solely m the membrane fraction whereas the two C-termmal mutants (-4b, 
and -AT.M.) were present m the cytosol. These transiently expressed proteins 
comigrated exactly with the analogous proteins expressed in a coupled 
transcription/translation system. These results demonstrate that the human Cell 
Growth Regulatory Protein localizes to membranes via the C-termmal 20-aa 

10 transmembrane segment. 

Moreover, additional experiments established that the Cell Growth Regulatory 
Proteins - lb and AT. M. exhibit kinase activity. Thus, these constructs w^ill have utility 
in the assays described below that are aimed at identifying compounds with 
prophylactic or therapeutic activity for treating diseases arising from unwanted cell 

15 growth. 

Example 7 

Phosphorylated Cell Growth Regulatory Protein 

Experiments were conducted to show that the Cell Growth Regulatory Protein 
encoded by the cDNA sequence described in Example 1, and on deposit with the 

20 American Type Culture Collection, Accession Number 98169, is phosphorylated and 
that phosphorylation is a function of the cell cycle. 

T\\e experiments were conducted using Cell Growth Regulatory Protein in 
lysates prepared from human CEM cells that had been arrested at Gl, S and M phases 
of the cell cycle by treatment with mimesme, hydroxyurea, and nocadozole, 

25 respectively. Synchronization of cells by drug block arrests was perfomed by culturing 
CEM cells for 16-23 hr in the presence of either 5 mM hydroxyurea (Calbiochem), 1 mM 
mimosine (Sigma), or 50 ng/ml nocadozole (Calbiochem). Immunoblot analysis was 
performed using antibody from rabbit 12390 that was injected with peptide C-47 
corresponding to ammo acids 472-487 (CNSEPPRGSFPSFEPRN) near the C-termmus of 

30 Cell Grow^th Regulatory Protein. The results revealed that Cell Growth Regulatory 

Protein m mitotic lysates shifted to a slower migrating form. The mam contribution to 
this modification is phosphorylation, since phosphatase treatment of the mitotic lysate 

44 
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decreased the migration of Cell Growth Regulatory Protein to nearly that observed in 
Gl and S-phase extracts. At least five laddering Cell Growth Regulatory Protein forms 
were detectable m the dilute phosphatase-treated mitotic lysate, indicating that multiple 
Cell Growth Regulatory Protein residues are phosphorylated during mitosis. 
5 Additionally, immunoblot analysis of cytosolic and detergent-extracted PlOO fractions 
prepared from nc :odazole-arrested CEM cells revealed that the phosphorylated forms 
of Cell Growth Regulatory Protein remained membrane-associated. 

Example 8 

Assays for the Identification of Drugs to treat 
10 Hyperproliferative Cell Growth Diseases 

A key aspect of the instant invention is the presentation of assays that permit the 
identification of unique compounds that can be used to control unwanted, or 
hyperproliferative cell growth. Such compounds will have significant applications for 
treating a variety of diseases that involve unwanted cell growth including cancer, 
!5 restenc^sis and others known to the skilled practitioner of this art. 

Two assays are described below. Both assays rely on inhibiting tne activity oi 
Cell Growth Regulatory Protein which in turn prevents the phosphorylation of 
cdc2/cyclinBl, which further, in turn, causes cells to progress through the cell cycle 
without the necessary control mechanisms. Tl^is has the effect of killing the constantly 
20 cvcling cells. Thus, the assays described below measvire the phosphorylation of a 

suitable Cell Growth Regulatory Protein substrate in the presence of test compounds to 
determine their eftect on Cell Growth Regulatory Protein kinase activ^ity. 
1. Cdc2/ cyclinBl histone HI kinase activity. 

The first assay indirectly measures the kinase activity ot Cell Growth Regulatc^rv 
Ts Prt>tein. Cell Grtnvth Regukatorv Protein phosphorvlates Cdc2/cvclinB1 . resulting 

m the inac'tivation ot the Cdc2/cvclinBl kinase activitv, as measured by the 
ph(^sphorvlati(^n (^f histone HI. Compounds that inactivate Cell Grow^th Regulatorv 
Protein kinase activitv thus will cause Cdc2/cyclinBl to retain kinase activity and 
can be detected by increaseci "^-P-labeling of histone HI. Other Cdc2/cyclinB 1 
30 substrates can also be used, including GST-Rb, Cdc25, or peptides containing Cdc2 

phosphorylation sites. Alternatively, other indirect measures of Cdc2/ cvclinBl 
activitv ccuild be incorporated into this assa\', nu ludmg ''-P-labeling of the cvclinBI 
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subunit or the reduced electrophoretic mobility of Cdc2 by PAGE. Other 
Cdk/cvclin complexes, such as Cdc2/cyclirLA or Cdc2/cyclLnB2, may be used in this 
in-vitro Cell Growth Regulatory Protein kinase reaction. Tliis Cell Growth 
Regulatory Protein assay can be performed utilizmg purified Cell Growth 

5 Regulatory Protein and Cdc2/cvclinBl proteins as well as utilizing a crude Sf9 

lysate mixing format. 

For example, frozen pellets of Sf9 cells expressing appropriate recombinant 
proteins are thaw^ed and lysed bv dounce homogenization in 10 mM Hepes, pH 7.5, 
1 mM EDTA, 1% NP40, 1 mM DTT and protease inhibitors [1 mM Pefabloc, 5 

10 ^g/ leupeptin, 5 mg/ml leupeptin] at 4^^C, followed by ultracentrifugation for 30 

mm at 42 kpm in a TLA45 rotor at 4*^C. The clarified lysates are aliquoted and 
stored at -SO'^C. Activation of Cdc2/cyclinB complexes are performed by mixing 
combinations of Cdc2 and cycIinB lysates, with Cell Grow^th Regulatory Protein 
lysates, together with an ATP regeneration system (lOX stock: 0.5 mg/ml creatine 

15 phosphokinase, 10 mM ATP, 350 mM phosphocreatine, 1 mM, 2 mM Hepes, pH 7.5) 

at 25''C for 25 min. Additionally, compounds that are tested for Cell Growth 
Regulatory Protein inhibitory activity are added to the reaction mixture over a range 
of concentrations, preferrably from nanomolar to millimoiar. Next, to determine the 
effect of a compound on Cell Growth Regulatory Protein activity by its effect on 

20 Cdc2/cyclinB kinase activity, the latter is measured using 1 ul of lysate mixture 

incubated with 9 ul of a histone HI kinase mix [50 mM Tris, pH 7.5, 10 mM MgCb. 1 
mM DTT, 5 ug histone HI, 50 uM ATP, 1 uCi ["^-PJATP f3000Ci/mmol] for 10-15 
mm at 25''C. Tlie amount of histone HI phosphorylation is measured using 
standard polyacrylamide gel electrophoresis and autoradiography methods. 

25 The appropriate controls are run to ensure that the compounds being tested are 

affecting Cell Growth Regulatory Protein activity, and not interacting directly with 
cdc2/cyclinB. 

Those compounds identified tc^ affect Cell Growth Regulatory Protein activitv 
will have significant prophylactic and therapeutic benefit for the treatment of 
30 hyperproliferative diseases. 
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2. Inhibition of Cell Growth Regulatory Protein substrate phosphorylation. 

Compounds are identified that inactivate Cell Growth Regulatory Protein kinase 
activity by directly measuring the phosphorylation of Cell Growth Regulatory 
Protein substrates, preferably Cdc2 complexed with cycliuBl. The assay is run 
5 using, as described above, lysates of the appropriate proteins, and under suitable 

reaction conditions mcluding [gamm v^^PJATP in the m-vitro kinase reaction 
mixture. Alternatively, phospho-specific antibodies (New England Biolabs) such as 
an anti-phosphothreonine antibody, may be used to detect phosphorylation of Cell 
Growth Regulatory Protein substrates. Additionally, the assay may be run using 
10 purified protein components. 

Compounds that inhibit the kinase activity of Cell Growth Regulatory Protein will 
prevent the phosphorylation of cdc2/cyclinBL Such compounds will have 
significant prophylactic and therapeutic benefit for the treatment of 
hyperproliferative diseases. 
15 DEPOSIT OF CLON ES 

Tlie following microorganisms or clones were deposited with the American Type 
Culture Collection (ATCC), Rockville, Maryland, on the dates indicated and were 
assigned the indicated accession number: 

20 Clone Access. No. Date of Deposit 

pBSK-mytl 98169 September 17, 1996 

The invention now being fullv described, it will be apparent to one of ordinary 
skill in the art that many changes and modifications can be made tht^reto without 
25 departing tvom the spirit or scc^pe of the appended claims. 
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5 A?PLirA:JT: Robert i:. Econer 

Ail ratcaey 

'11: TITLE OF i:r/EMTICrJ: I dent i f i c a - i cn cf Hurr^an "Tr:A Encodina 
Putative Mytl Kinase Himoioi: 
:r;MBER Cr SEQUENCES: 2 
10 ;iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: C'lIYX Pharmaceuticals, Inc. 

(B) STREET: 3 03 1 Research Drive 
(C; CITY: Richmond 

( D ) STATE : CA 
15 iK) CCUr:TRY: USA 

(F) ZIP: 94806 
'V! CONPYTER READABLE FOR>: : 

(A) MEDILT^I TYPE: Floppy disk 
\3) COMPUTER: IBM PC corapatibie 
20 (0) OPERATING SYSTEM: PC - DOS / MS - DOS 

(0) SOFTl-JARE: Pa tent In Release ^^1.0, Version #1,30 
(VI) CURRENT APPLICATION DATA: 

(A) APPLICATION NU:^BER : US Unknovvn 

(B) FILING DATE: 

25 (C) CLASSIFICATION. 

( viii ) ATTORI^EY 'AGENT I!JFORMAT ION : 

( A ) I :a:-IE : 0 i o 1 1 a , Gregory 

(3) REGISTRATION^ NUMBER: 32,028 

;C) REFERENCE/DOCKET NUMBER: 0:Ci'X100 5 
30 (1.x) TELECOMMUNICATICM INFORMATION: 

[A) TELEPHONE: ^510) 2u2-87i: 

;B1 TELEFAX: ^OlCn 222- '^OS^^ 
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(2) INFOPO-L^TICN FOR 3EQ ID NO : 1 : 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: L9"^r^. base pairs 

(B) TYPE: nucleic acid 
;C) STFJVNDEDNESS : double 
(D) TOPOLOGY: linear 

(Lij MOLECULE TYPE: cDNA 

(ill; HYPOTHETICAL: T:0 

( IV) 2i[JTI - SENSE : NO 

( ix) FEATURE: 
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(A) NAi^E/KEY: CDS 
f 3 ) LOCATICI J : 3 2 ~ . . 1 8 2 3 
(xi) SEQUEMCE rESCRIPTION: SEQ ID NO : 1 : 

5 ^I'AGGACTCCC GTGAGGGGGA ACGGCCCGTG P^CGCGCGCG GAGCrGGTGG GGGCCGGCCC bO 
AGT:GCCGGA GGGCTTCCCC ACACGCACGG AGTGAAGTGA G:rGCGGCOG TGGCTGGGAG 12 0 

GAArTTAC^CG TCTACCGGGA A.^GGTGGCCA GCAGATGTGT CG2GCCTGGT GAGAGGGTGA 130 
GGCGAGAG^G^ri CCCGATCGCG CAGGOCCCCG GAAGCTGCGG A3GTCAGCCG GGCCTGGCCT 2 40 

TAGCTCAGG'3 AGACCCTGGA TTGAGGTGGG A^^CGICTGCT CCrGCCTGGG 2JGTCCGACC 3 00 

10 ACT^AAGCTG TTGGGCCAGG CIAGTC ATG C TA GAA 2G-G 2CT CGT GCA CT3 GCC 3 53 

Met Leu Glu Arg Pro Pro Ala Leu Ala 
1 5 

ATG CCC ATG 2CC ACC; GAG GG;2 ACZ CCG 2CA C2T CTG AGT :^GC ACC C::C 401 
Met Pro Met Pro Thr Glu Gly Thr Pro Pro Pro Leu 3er 31y Thr Pro 
15 10 15 20 25 

ATG CCA GTC 2CA GC-'J TAC TTC CGC CAG 3CA GAA CGT GGA TTC TCC CTC 44 9 

lie Pro Val Pro Aia Tyr Phe Arg His Ala Glu Pro Gly Phe Ser Leu 

3 J 35 40 

AAG AGG CCG AGG GG ^ CTC AG: CGG AGC CTC CCA CCT CCG CCC CCT GCC 497 
20 Lys Arg Pro Arg Gly Leu Ser Arg Ser Lou Pro Pro Pro Pro Pro Aia 

4 5 0 S 5 

AAG GGC AGC ATT CC 0 ATC AGC CG2 CTC TTC CCT CCT CGG AGO CCA GGC 54 5 

Lys Gly Ser lie Pr - lie Ser Arg Leu Phe Pro Pro Arg Thr Pro Gly 
6 0 6 5 7 0 

25 TGG CAC CAG CTG CAG CCC CG3 CGG GTG TCA TTC CGG GGC GAG GCC TCA 59 3 

Trp :Ix5 Gin Leu Gl- Pro Arg Arg Val Ser Phe Arg Gly Glu Ala Ser 

7 5 S 0 S 5 

GAS AC '7 STG CA.G AG J JC';.' GG S TAT oA'^ j^^.^- ^ SvjG o ^ Pi '.^A^i ^CCIT^^ o-^^ 

Glu 7^hr Leu Gin Ser Pro Gly IV r Asp Pro S-'r Ar'g Pro 31 u Ser Phe 

TTC CAG CAG AGC TT 7 CAG AGG CTC AGC CCS STG GGS^ C7C7 GGC TCC TAC 6^7 
Pne Gin C-ln Ser Phe Gin Ai-g u.^u Ser Ara l-i Gly His Gly Ser Tyr 

GGA CAG GTC TTC AAG GTG CGC ^7CC AAG GAG SA'-;' GC;C :'^GG CTC TAT GCG ■/3 7 

35 ^:ly .^^u Vol Pne Ly^i Vol Arg ^or oys G^o :r ^ ^ / Arg ^eu Tyr Ala 

'lal Lyo Aiq Ser He^ .>er P:o Pne Arg .,G / : • :..v;' A:.q 7vla Arg 

40 AAG TTC GCS GAG GTG GGC AGC CAC SAG /C^ ; C.G CAS SSA TGG 7 ^ 

Lys Lou Ala G^u Va L Gly S'-r His Glu L\: ■ G ■/ his Pro Cys 
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30 











GAG 


r-^ ~j 


o U ^ 


TGG 












J. O 


TAC 








r g 


L u 




o ^ n 


Ala 


Ir^- 


J ^ u 














Leu 












I"' 5 










• r 










13 5 
















A G ' . 












S-'-vj-i, 


■ 


TG - J 


J in 


\ n r 


Giu 


Leu 


1 9 0 


;-.iy 


Pro 


Ser 


Leu 


C^ 1 n 
15 5 


Gin 


Hi s 


lys 


S^lu 


Ala 

2 0 0 


Trp 






AG C 


■. T J 








.1 


J i _ 


TSG 






_ - J 






ACG 




Aia 


Ser 


l^eu 
2 0 5 


Pro 


G 1 u 


i a 


'•■J3 X n 


'/a 1 

2 1 'J 


Trp 


Sly 


T'/r 


■ u 


Arg 
2i5 


A.sp 


Thr 




CTT 


GCC 


CT3 


GCC 




>_ T'o 


CAG 


AoC 


C AG 


GGC 




GTG 


' TAG 


CTT 


GAT 


Leu 


Leu 


Ai a 

22 D 


Leu 


Axa 


His 


l^eu 


His 
225 


Ser 


li In 


1 '/ 


Leu 


•/a 1 

2 3 0 


His 


Leu 


Asp 


GTC 




CCT 


^ -J 


AA\C 


ATC 


TTC 


CTG 


>oGG 


CCG 


CGG 




*_ o , 


TGC 


.AAG 


CTG 


Val 


Lys 
235 


Pro 


Ala 


Asn 


lie 


Phe 
240 


Leu 


Gly 


Pro 


Arg 


^^2y 
245 


Arg 


|.:ys 


Lys 


Leu 


'■ J 'J 'T 


GAG 




GGA 


CTG 




GTG 


GAG 


CT'_7 


' G T 


ASA 




s^GA 




GGT 




Giy 


Asp 


?he 




" ...^ ■ > 


Leu 


'/al 


Giu 


Leu 


Gly 


■ 


Ala 


' ' /■ 


Aia 


Gly 


* J -I t 


250 










255 










260 










265 


gt;: 


CAG 


GAG 


GGA 


GAC 




CGC 


TAC 


ATG 




C'~''^ 


GAG 


CTG 


CTG 


CAG 


GGC 


'/a 1 


Gin 


Giu 


Sly 


Asp 

27 0 


Pro 


Arg 


Tyr 


Me*L 


Ala 

275 


Pro 


Giu 


Leu 


Leu 


Gin 
2 80 


Gly 


TCC 


TAT 


C^GG 


ACA 


GCA 


'.jrU ■J 


GAT 


GTG 




.AGT 


CTG 


'w 'O 


CTG 


ACC 


ATC 


CTG 


Ser 


Tyr 


GLy 


Thr 
285 


Ala 


Aia 


Asp 


Val 


Phe 
2 90 


Ser 


Leu 


Gly 


Leu 


Thr 
295 


lie 


Leu 


GA.\ 


GTG 


GGA 


TGC 


.\.AC 


ATG 


jAG 


T'_3 


CCG 


CAC 




GGG 


GAG 


' j'^L 




CAG 


Giu 


'/a L 


Ala 
303 


Cys 


Asn 


Me c 


Giu 


Leu 
305 


Pro 


His 


Gly 


■G 1 y 


Giu 
310 


Gly 


Trp 


Gin 


CAG 


■ „ - J 


CGG 


CAG 


G(2C 


TAG 


- J- ' J 


CCG 


CC^ 


GAG 


TTC 


ACT 


GCC 


GGT 




TCT 


Gin 


i 1 5 


Ar g 


Gin 


G ly 


T\'r 


l.eu 

3 2 0 


Pr D 


Pr D 


Giu 


Pno 


Thr 

325 


Ala 




Leu 


Ser 






CTG 




TCT 


It 1 




GTS 


AT 3 








-'^ n \ 






.AAC' 


Ser 




Leu 


Arg 


e r 


Val 


L e u 


Val 


Meo 


Ke*: 


L--U 


G 1 u 


Pr D 


Asp 


Pr -J 


Lys 


~, 3 " 






























345 


CTG 




' J . 


ACG 


2CC 


GAG 


»j v_ 


GTS 


CTS 




'"^TG 




aT J 


TTG 


AGG 


CAS 


Leu 


Arg 


Al a 


Thr 


Aia 
3 50 


C'^u 


Ala 


Leu 


Leu 


Aia 
355 


L e^ u 


Pro 


Va 1 


Leu 


Arg 
3 60 


* J -L n 


CCG 












CTG 


TGG 


TGC 


AT'..^ 






GAG 




CTG' 


AGG 


Pro 


Arg 


Ala 


Trp 

355 


- - 


Val 


Leu 


rrp 


U \'' 3 

370 


*-l e 


S . ^ 




Slu 


Ala 
3 7 5 


Leu 


Ser 


CGA 




_ G ^ 


sec 


1. T 


TGG 


















TGG 


CTC 




3ly 


Trp 

380 


Ala 


Leu 


Trp 


Gin 


Ala 
335 


Leu 








Leu 

_^ ;) 0 


^ V 


Trp 


Leu 



;3i 



lo: 



112 1 



.159 



1265 



13i: 



145" 
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TGG CAT GGG CTG GCT CAC CCT GCC AG'^ TGG CTA CAG GCG CTG GGC CCG 15 53 

Trp His Gi.y L^eu Ala Hxs Pro Ala 3er Trp hc-u Gin ?r d Leu Giy Pro 

395 4C0 105 

CCA GCC A':C CCG CCT GAG TCA CCA CCC TGC ACT TTG CTG CTG GAG AGC 1601 

5 Pro Ala Thr Pro Pllj Aisp Gei Pro Fro Cys Ser Gou Lea Leu Asp Ser 

4 10 415 420 42 5 

AGC TTC TGC ACC AAC TGG GAT GAC GAG AGC CTA GGG CCT TCA GTC TCC 1649 

Ser Pne Ser Ser Asn Trp Asp Asp Asp Ser Leu Gly Pro Ser Leu Ser 

430 435 44 0 

10 CCT GAG GCT GTC CTG GGC CGG ACT GTG GGG AGC ACC TCC ACC CCC CGG 1697 



174^ 



15 



20 



25 



40 





GAG 


Go T 


GTC 


CTG 


oO 


CGG 


ACT 


GTG 


GGG 


AGC 


ACC 


TCC 


ACC 


-,oo C'_iG 


Pro 


Glu 


Ala 


Val 


Leu 


Ala 


Arg 


Thr 


Vai 


Gly 


Ser 


Thr 


Ser 


Thr 


Pro Arg 








445 










450 










455 




AGC 




TCC 


AC A 


CCC 


ACG 


GAT 


GCC 


CTG 


GAC 


CTA 


ACT 


'Or-i.'^ 


ATC 


,^v^\G TCA 


Ser 


Arg 


Cys 


Thr 


Pro 


Arg 


Asp 


Ala 


Leu 


Asp 


Ijeu 


Ser 


Asp 


lie 


Asn Ser 






460 










465 










470 






GAG 




CCT 


CGG 


GGC 


TCC 


TTC 


CCC 


TCC 


TTT 


GAG 




CGG 


AAC 


GTC CTG 


Glu 


? r :> 


Pro 


Arg 


Gly 


Ser 


Phe 


Pro 


Ser 


Phe 


Glu 


Pro 


Arg 


Asn 


Leu Leu 




4 75 










4 80 










485 








AGC 


ATC 


TTT 


GAG 


GAC 


ACC 


CTA 


GAC 


CCA 


ACC 


TG AGC CCC AG 


ATTCTGC CTG 


Ser 




Phe 


G 1 u 


Asp 


Thr 


L t^u 


Asp 


Pro 


Thr 












490 










49 5 






















•A „ 1 1' 


1 i'rt /vC _T 


li'TA'i'^l" 


TG TG 


PC To 




CGTC 


sec '■— 


' - TG AAAG 




^ O O O 1 



1793 



1843 



1903 

GGAA.CTCCCA TGGTCTTCTC TGCCTGGCCG TGTCTAATAA AAAGTATTTG AACCTTGAAA 19 63 

AAAAAA/vAAG AAG 197 6 



(2) IMFOPy^TICN FOR SEQ ID MO: 2: 



(i) se;:uence CHAF^ACTEFISTICS : 

(A) LENGTH: 499 arrirno acid- 
30 (B) TYPE; ammo acid 

(D) TOPCLjGY: linear 
■il) HCLECULE TYPE: protein 



'Aoz L., C^i Arcj Pio Pr .J Ala ^eu A^a ye:. Piv Koi r-i'_^ Ini ^la '.jiy 

ihr i-o-o Pro Pro Leu Ser Go/ Thr Pr'^' lie Pri V :i 1 Pro Ala r^yv Ph^ 

Aro Ml:- Ah- .""lu ! ro Gly Ph..: Cor L--o Cys Ara T'vc Aio Cl;,' : x S-: 

3 5 4 0 4 

Arq Cer Lou Pro Pro Pro Pro Pro A' a L^'s Gly Ser lie Pro lie Ser 

5 0 5 5 6 0 

Arq Leu Phe Pro Pro Ar-g Thr Pro So/ Trp His Gin heu Gin ^-U-o Aro 
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Ar:: V^l Sor Ph^i Arg J:.y Giu Ala 



_.o^ ^er ^ro OIv- 



10 



':-/r A.sp Pr o Ser Arg ?r:: Glu Ser Pne Phe Gin 3 In Ger i-'r.e G;ir. Arg 

100 105 lie 

L'cr.: Ger Arg Leu Gly His Giy Ser Tyr Gly Glu Val ?ne Lys Val Arg 

115 120 105 

Ger lys Glu Asp Gly Arg Leu Tyr Ala Val Lys Arg Ser Men Ser Pre 

131 135 110 

Phe Arg Gly Pro Lys Asp Arg Ala Arg L\-s :.eu G.la Glu Val Gly Ser 

115 150 155 160 

liis Glu L\^s Val Gl:^^ Gin His Pro Gys Gys Val Arg Leu Glu Gin Ala 

165 ^ 17 0 175 

Trp Glu Glu Gly Gly lie Leu Tyr Leu Gin Thr Glu Leu Gys Gly Pro 



18 0 



1S5 



190 



[T> Ser Leu Gin Gin His Cys Glu Ala Trp Gl:^^ Ala Ser Leu Pro Glu Ala 



195 



200 



Gin Val Trp Gly Tyr Leu Arg Asp Thr Lou Leu Ala Leu Ala His Leu 



zo 



His Ser Gin Gly Leu Val His Leu Asp Val Lys Pro Ala A.sn lie Phe 



230 



135 



MO 



Leu Gly Pro Arg Gly Arg Cys Lys Leu Gly Asp Phe Gly Leu Leu Val 



i45 



250 



155 



3 00 
:ln Leu Arg 



Gly Tyr Levi 
320 



Glu Leu Gly Thr Ala Gly Ala Gly Glu Val Gin Glu Gly Asp Pro Arg 
260 265 270 

25 Tyr Met Ala Pro Glu Leu Leu Gin Gly Ser Tyr Gly Thr Ala Ala Asp 
275 280 285 

Val Phe Ser Leu Gly Leu Thr lie Leu Glu Val Ala Cys Asn Met Glu 

290 295 
Leu Pro H:s Gl^^ Cly Glu Gly Trp Gin 
30 3 05 3 10 3 15 

Pro Pro Glu Phe Thr Ala Gly Leu Ser Ser 
3 2 5 3 3 0 

3 4 0 3 4 5 

35 Leu Leu Ala Leu Pro Val Leu Arg Gin Pro .Arg Ala Trp Gly Val Leu 
355 360 365 

Trp Cys Met Ala Ala Glu Ala Leu Ser Arg Gly Trp Ala Leu Trp Gin 

3 7 0 3 7 5 3 8 0 

Ala Leu Leu P^la Leu Leu I'ys Trp Leu Trp His Giy Leu 
40 3 35 3 90 3 95 



ilu Leu Arg Ser Val Leu 
335 

^rg Ala Thr Ala Glu Ala 
350 



Ala Ser 



Gin Pr. 
405 



Gly Pro Pro Ala Tnr ?r 
410 



Ala His Pro 
400 
? r o Asp Ser 
415 



420 



4 25 



43 0 



52 
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Asp Asp Ser Leu Giy Pro Ser Leu Ser Pro Giu A.la Vai Leu Ala Arg 

435 440 445 

Thr Val Gly Ser Thr Ser Thr Pro Arg Ser Arg Cys Thr Pro Arg Asp 

450 455 460 

Aia Leu Asp Ltju Ser Asp l^e Asn Ser Giu Pro Pro Arg Giy Ser Phe 
465 470 475 480 

Pro Ser Phe Glu Pro Arg Asn Leu Leu Ser iMet Phe Giu Asp Thr Leu 
485 490 495 

AsD Pr u Thr 
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Claims 

1, A composition of matter comprising an isolated nucleic acid sequence that 
encodes a human Cell Crowth Regulatory Protein. 

5 

2. A composition ot matter as described in clami 1 wherein said isolc ted nucleic 
acid sequence encodes a human Cell Growth Regulatory Protein with a transmembrane 
region. 

10 3 A composition of matter as described m claim 2 wherein said isolated nucleic 
acid sequence encodes a human Cell Growth Regulatory Protein with a molecular 
weight of about 54.6kd. 

4. A composition of matter comprising an isolated nucleic acid sequence as 
15 described in claim 3 wherein said nucleic sequence is a cDNA sequence. 

5. A composition of matter as described in claim 4 w^herein said isolated nucleic 
acid cDNA sequence encoding said human Cell Growth Regulatory Protein comprises 
an isolated nucleic acid fragment. 

20 

6. A nucleic acid sequence hybridizable under high stringency conditions to 
said nucleic acid sequence that encodes a human Cell Grow^th Regulatory Protein of 
claim 4. 

25 7. A nucleic acid sequence that encodes a human Cell Growth Regulatory Protein, 
wherein said nucleic acid sequence is about 90'/o homologous to said nucleic acid 
sequence of claim 4. 

8 A nucleic acid sequence that encodes a human Cell Growth Regulatory Protein, 
30 wherein said nucleic acid sequence is about 90''o homologous to said nucleic acid 
sequence of claim 4. 
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9. Isolated host cells comprising an isolated nucleic acid sequence of claim 4 which 
encode a human Cell Growth Regulatory Protem. 

10. Vectors that comprise an isolated nucleic acid sequence of claim 4 wiiich encodes 
5 a human Cell Growth Regulatory Protein. 

I L A nucleic acid sequence on deposit with the ATCC with accession no. 98169 
which encodes a human Cell Grow^th Regulatory Protein. 

10 12. A nucleic acid sequence that encodes a human Cell Growth Regulatory Protein, 
wherein said nucleic acid sequence is about 95% homologous to said nucleic acid 
sequence of claim 11 on deposit with the ATCC with accession no. 98169. 

13. A nucleic acid sequence that encodes a human Cell Growth Regulatory- Protein, 
I S wherein said nucleic acid sequence is about 90% homologous to said nucleic acid 

sequence claun i I on deposit with the ATCC with accession no. v8ib9. 

14. A nucleic acid sequence that encodes a human Cell Grow^th Regulatory 
Protein, wherein said nucleic acid sequence encodes human Cell Growth Regulatory 

20 Proteins is selected from the groups consisting of Cell Growth Regulatory Protein-lb 
(residues 9-499), Cell Grow^th Regulatory Protem-l A (residues 58-499), Cell Growth 
Regulatory Protein-4b (residues 9-292), and Cell Grow^th Regulatory Protein-AT.M. 
(residues 9-499 with residues 379-398 deleted). 

25 15. A composition of matter comprising a human Cell Growth Regulatory Protein. 

16. A composition of matter as described m claim 15 wherein said hrmian Cell 
Growth Regulatory i^rotein has a molecular weight of about 54.6 k daltons. 

30 17. A composition of matter as described m claim 15 wherein said human Cell 
Growth Regulatory Protein is selected from the groups consisting c^f Cell Growth 
Regulator\^ Protein- lb (residues ^'-4'-^'^), Cell Growth Regulator\' Protem-l A (residues 
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.^8-4W), Cell Growth Regulatory Protein-4b (residues 9-292), and Cell Growth 
Regulatory Protein-AT.M. (residues 9-499 with residues 379-398 deleted). 

IS- Isolated host cells comprising an isolated nucleic acid sequence of claim 11 
which encodes a Cell Growth Regulatory Protein. 



19. A complex comprising a substantially purified cell cycle target and said Cell 
Growth Regulatory Protein of claim 15. 

10 20. A complex cc^mprising a substantially purified cell cycle target and a Cell 
Growth Regulatory Protein selected from the groups consisting of Cell Growth 
Regulatory Protein-lb (residues 9-499), Cell Growth Regulatory Protein-1 A (residues 
58-499). Cell Growth Regulatory Protein-4b (residues 9-292), and Cell Growth 
Regulatory Protein-AT.M. (residues 9-499 vyith residues 379-398 deleted). 

15 

21. A host cell comprising said complex of claim 19. 



22. A host cell comprising said complex of claim 20. 



20 23. A method of forming a complex comprising a cell cycle target and Cell Growth 
Regulatory Protein, comprising contacting in solution said cell cycle target with said 
Cell Growth Regulatory Protein, allowing svifficient time for said complex to form, and 
removing uncomplexed cell cycle target and Cell Grow^th Regulatory Protein. 



25 24. Isolated antibody that binds to said Cell Grow^th Regulatory Protein of claim 15. 

25. A pharmaceutical composition comprising a Cell Growth Regulatory Protein 
encoded by a nucleic acid on deposit with the ATCC, .Accession Number 98169. 

3(0 26. A process for producing a Cell Growth Regulatory Protein comprising 

culturing cells of claim 9 in a suitable culture medium and isolating said protein from 
said cells or said medium. 

^6 
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27. A method of identifying compounds that affect the interaction of a Cell Growth 
Regulatory Protem with a cell cycle target, comprising the steps of: 

contacting said Cell Growth Regulatory Protein with said cell cycle target in the 
5 presence or absence of said compounds and under conditions that favor the 
phosphoylation of aid cell cycle target; and 

measuring tne effect of said compounds on the phosphorylation of said cell cycle 

target. 

10 28. A method as described in claim 27, wherein said Cell Cycle Growth Regulatory 
Protein is encoded by a nucleic acid sequence on deposit with the ATCC with accession 
no. 98169. 

29. A method as described in claim 28, wherein said Cell Cycle Growth Regulatory 
15 Protein is encoded by a nucleic acid sequence that is about 95% or 90% homologous to 

.^aid nucleic acid sequence on deposit with the ATCC witii accession no. 981b^^. 

30. A method of identifying compounds that affect the mteraction of a Cell Growth 
Regulatory Protein with a cell cycle target having enzymatic activity, comprising the 
steps of: 

contacting said Cell Grow^th Regulatory Protein with said cell cycle target m the 
presence or absence of said compounds and under conditions that favor the 
phosphoylation of said cell cycle target; and 

measuring the etfect ot said compounds on the enzvmatic activitv ot said cell 
cvcle target. 

31. A method as described m claim 29, wherein said Cell Cycle Growth Regulatory 
Protein is encoded by a nucleic acid sequence on deposit w^ith the ATCC with accession 
no. 9S169. 

30 32. A method as described m claim 30, wherein said Cell Cycle Growth Regulatory 
Protein is encoded by a nucleic acid sequence that is about 95" o or 90' ■<> homologous to 
said nucleic acid sequence on deposit with the .ATCC with accession no. 9816'-^ 

37 
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FIGURE 1 

Human Myt1 Transmembrane Region 
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